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ABSTRACT
Forest fragmentation refers to the spatial distribution of forests in a landscape.
Forest fragmentation drastically alters forest composition, habitat quality, genetic flow
and many other ecological processes associated with forested ecosystems. This research
examined spatial patterns and rates of forest fragmentation during the 1991-2001 period
for a region in southeast Louisiana known as the “Florida Parishes”.
Following classification of 1991 and 2001 Landsat data into forest and non-forest
classes, spatial patterns were examined using Fragstats 3.3 spatial analysis software.
Spatial statistics such as patch density, perimeter to area ratios, core area indices, edge
density, and various landscape continuity indices were used to assess patterns and trends
of forest fragmentation in landscapes throughout the region. A variety of patch, core and
edge metrics indicated increasing forest fragmentation in a majority of the landscapes
examined. Values of various landscape continuity indices were also found to suggest
significant increases in forest fragmentation in a majority of landscapes.
The correlation of various forest fragmentation metrics with metrics associated
with suburban sprawl was shown to be relatively weak by low R2 values. These findings
may suggest that suburban sprawl was not the only factor affecting the spatial
arrangement of forests in the Florida Parishes during the study period. The results of this
research facilitate an increased understanding of the current trends of forest land-cover
fragmentation in the Florida Parishes and the potential influences of these trends on
related ecological processes.
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CHAPTER I
INTRODUCTION
“The tree, which moves some to tears of joy, is in the eyes of others only a
green thing that stands in the way. Some see nature all ridicule and
deformity...and some scarce see nature at all. But to the eyes of the man of
imagination, nature is imagination itself.”
~William Blake
1.1 Forests
Forests; for most, the very word evokes some type of mental picture or emotional
response. Throughout history, forests have been viewed as either a resource or a danger,
as a source of wealth or an impediment to other activities. Whether one imagines some
pristine place or land that is simply too poor to sustain more fruitful uses, one cannot
deny the value of forest resources, both historically and currently, in the United States.
We as a society have both a personal and economic connection with the complex
ecosystems known as forests. Forests have always been one of this country’s most
valuable resources. Both historically and currently, forests have been a source of
economic, recreational, and biological wealth in the United States. Forests were
necessary to the survival of early colonists and continue to be necessary to the survival of
the United States as a whole.
Although the contributions of forests are fairly universal, the definition of forests
is often variable. Any definition of “forest” must however consider composition,
structure, and area. Considering these factors, a fairly universal definition of “forest”
utilized by the United States Forest Service Forest Inventory Analysis (USFS FIA) plot
data collection, and the definition to be utilized for this study, follows:
Forests are ecosystems with a dominant influence (dominant influence
being defined by containing at least 10-percent crown cover) exuded on
the ecosystem by tree species (tree species being defined as woody
1

vegetation usually containing a single, dominant stem), composed of at
least 1 continuous acre. To qualify as forest land, the prospective
condition must be at least 1.0 acre in size and 120.0 feet wide measured
stem-to-stem from the outer-most edge. Forested strips must be 120.0 feet
wide for a continuous length of at least 363.0 feet in order to meet the acre
threshold.1
The ecosystems outlined by the above-mentioned definition are some of the most
vital to human settlement but they are simultaneously some of the most susceptible areas
to anthropogenic alterations. Forests worldwide, and particularly in the United States,
have undergone dramatic changes in the past 200 years (Turner et al., 1990; Meyer et al.,
1994). Most of the anthropogenic alterations that have occurred during this period have
reduced the percentage of the overall landscape occupied by forests. Other alterations
have changed not only the amount of forest in the landscape, but also the composition,
structure, and/or spatial arrangement of forested ecosystems.
1.2 Forest Fragmentation
One of the greatest alterations forested ecosystems have undergone is the process
of fragmentation. Fragmentation is the process of converting a large contiguous forested
area to a “checkerboard” or fragmented pattern. Fragmentation occurs as a large expanse
of forested habitat is transformed into a number of smaller habitats typically of smaller
total area, isolated from each other by areas of unlike habitat (Wilcove, 1988). This
process converts a homogeneous landscape of continuous forest land-cover into a
heterogeneous landscape, comprised of more spatially segregated islands, or patches, of
forest land-cover. The spatial properties of individual patches as well as the spatial
relation of patches within a landscape affect fragmentation.
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Source: Adapted/Summarized from USFS FIA national Core Filed Guide Version 2.0
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Fragmentation typically occurs as forest land-cover is lost for economic gain
and/or converted for uses such as agriculture, grazing, suburban and/or industrial/urban
development. Land-cover conversion, logging, roads and other anthropogenic
disturbances divide contiguous forests into isolated islands. These islands function very
differently than the original, large, contiguous ecosystems from which they were cut.
Fragmentation produces drastic changes to a host of biotic and abiotic factors
associated with forests. The loss of connectivity associated with forest fragmentation can
interrupt the flow of nutrients, plants and animals through the ecosystem. The clearing of
forest for anthropogenic purposes can also severely compromise the integrity of an
ecosystem, through loss of native species, invasion of exotic species, soil erosion, and
changes in forest productivity (Forman et al., 1986). These changes to the forested
landscape are particularly evident in certain areas of Louisiana, where anthropogenic
alteration of the physical environment has increased severely over recent years.
1.3 Landscape Ecology
Whereas many land management activities often take place at micro-scales, both
geographically and temporally, “landscape ecology, is concerned with the ecological
functioning of entire landscapes over both space and time” (Silva, 1992). The discipline
of landscape ecology is a fairly new science, which attempts to integrate the biological
concerns of ecology with the spatial concerns of geography. Landscape ecology
examines the development and dynamics of spatial heterogeneity in a landscape, and its
affects on ecological processes (Risser et al., 1984). Landscape ecology is “drawn from a
diverse array of disciplines and fields, including physical and human geography, biology,
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geology, forestry, wildlife management, landscape architecture and planning” (Kupfer,
1995). Central to the concept of landscape ecology is the definition of a “landscape”.
“Landscape” is not a geographically precise or consistent unit of measurement.
“The size of any landscape is relative to the purposes and needs for which the principles
of landscape ecology are being used” (Silva, 1992). Because habitat is relative to an
organism's perception of environment (i.e., each organism defines habitat relative to its
own scale and requirements), landscape size differs among organisms (McGarigal, 2002).
In other words, the scale at which a landscape is observed or identified is entirely relative
to the factors or organisms being studied.
For example, the landscape of consideration, if studying certain soil organisms,
may consist of no more than a cubic meter of soil, whereas the landscape for migratory
waterfowl may span continents. “However, landscapes generally occupy some spatial
scale intermediate between an organism's normal home range and its regional
distribution” (McGarigal, 2002). Therefore, most definitions of landscape are dependent
upon the organism or phenomenon under consideration.
Not surprisingly, definitions of landscape are highly variable. Forman and Godron
(1986) defined landscape as a heterogeneous land area composed of a cluster of
interacting ecosystems that is repeated in similar form throughout. In any case, the
landscape should first and foremost be relevant to the phenomenon under consideration.
In a study such as this, dealing with a phenomenon that is largely human-influenced,
these influences should also be included in selection of the landscape. Silva (1992)
suggested that “because people have become one of the major biological forces on the
planet, much of the activity in the field of landscape ecology focuses on interactions
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between people and the biosphere”. For the purposes of this study, a combination
approach will be utilized to define a landscape based on ecological and anthropogenic
considerations.
1.4 Suburban Sprawl
As is the case with landscape, “sprawl” is a term without a universally agreed
upon definition. It can be used in conjunction with a variety of land-cover types
associated with landscape change such as urban, suburban or agricultural development.
In the case of urban and suburban sprawl, the term usually refers to the development (be
it service, employment, and/or residentially based), which occurs at the urban or
suburban fringe. This sprawl, therefore, stretches along the edges of development into
areas previously occupied by other land uses. Sprawl is, therefore, synonymous with
land-cover conversion. Often this conversion is from forest land-cover to urban/suburban
development and this can have a direct impact on forest fragmentation.
1.5 Spatial Statistics
Spatial statistics is a means of analysis for identifying and examining patterns in
spatial data. Spatial ecology, a discipline related to landscape ecology, concerns itself
with the role and fundamental effects of space on the dynamics of structure, diversity,
and stability at the organism, population, and/ or landscape level. The underlying
principle of spatial ecology is based on Tobler’s First law of Geography, which states:
“Everything is related to everything else, but near things are more related than distant
things”(Tobler, 1969). Spatial statistics provide a means of quantifying the extent of
these relationships in landscapes. Spatial pattern analysis is the primary focus of this
study.

5

1.6 Remote Sensing
Geography is inherently a spatial science and as such, a study dealing with
landscape distribution is inherently geographical. “Geography, as an explanatory
description of the earth, fixes its attention on a diversity of earth’s features and compares
them as to their distributions. In some manner it is always a reading of the face of the
earth” (Sauer, 1956). Remote sensing evolved for that purpose: to read the face of the
earth. Granted, remote sensing evolved primarily for military applications however, this
fact in no way diminishes the geographic nature of the discipline.
Remote sensing is the process of gathering information about a target of interest,
without direct contact with that target, through the use of some type of sensor. Remote
sensing allows large amounts of data about features (in this case, a portion of the earth’s
surface) to be obtained with greatly reduced reliance upon costly and time-consuming
field data collection.
One of the greatest values of the recent increases in remote sensing capabilities is
the ability to classify images. The process of classification, as mentioned in this paper, is
defined as “the process of sorting pixels into a finite number of individual classes, or
categories of data, based on their data file values” (ERDAS, 1997). In other words,
equating particular spectral signatures (in a very broad sense an individual pixel’s
“color”) with a particular land-use/land-cover (LULC) classification. The ability to
classify LULC from remotely sensed images is often utilized to determine the amount of
area involved in a particular land use, changes in LULC patterns over time and numerous
other practical applications. Classifications from remotely sensed imagery are, therefore,
highly useful in a variety of disciplines, including geography.
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1.7 Remote Sensing Platforms/Sensors
Some type of sensor is necessary in all forms of remote sensing. Sensors can
range from an observer’s eye to satellites peering millions of miles into space. As
geography is generally concerned with Earth’s features, sensors commonly utilized in this
discipline include “Earth-observing satellites (EOS)”, airborne sensors and cameras. In
any case, these sensors collect data about the structural or spectral characteristics of the
target of interest. The sensors utilized for this study were Landsat 5 and Landsat 7.
The Landsat program is a series of Earth-observing satellites designed to collect
spectral data about terrestrial surfaces. The Landsat Program itself was born from a
program known as the Earth Resources Observation Satellite (EROS). The program
began with the launch of Landsat 1, as it was later termed, in 1972. Since that time,
Landsat satellites 2-7 have been launched, each utilizing improved technology, which
expanded the capabilities of the sensor. Currently, Landsat 5 is the only operable sensor
in the program however, data from Landsat 5 and 7 is available for the period of interest
of this study.
Landsat images have proven highly effective in capturing environmental data.
The Landsat series has opened new insights into geology, agriculture, LULC surveys, and
new pathways in resource exploration. “An understanding of the Earth and its terrestrial
ecosystems, as well as its land processes, has been remarkably advanced by the Landsat
program” (Lauer et al., 1997).
1.8 Problem Statement
In the past, forest fragmentation studies have quantified forest fragmentation at
broad scales (e.g. one-kilometer resolution). While these studies have provided measures
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of forest fragmentation for broad areas, this resolution is too coarse to accurately observe
many factors associated with forest fragmentation. Any study of landscape must be
conducted at a scale appropriate to the phenomenon under consideration. The
quantification of important characteristics of forest ecosystems such as core area and
edge characteristics is severely handicapped at one-kilometer resolution.
These variables directly influence a host of ecological processes and economic
factors associated with forested ecosystems. This coarse resolution forest
characterization conflicts with fine resolution forest management since current timbermanagement philosophies and techniques operate primarily at the forest-stand level,
rather than at the landscape level. Forest ecosystems do not function in isolation. Every
forest stand is connected to other forest stands by the flow of water, energy, nutrients,
plants, and animals across the landscape” (Silva, 1992). For this reason, it is vital that
ecological processes associated with forested ecosystems are examined at the appropriate
scale.
Furthermore, most studies have quantified forest fragmentation in only one time
period (Riiters et al., 2002). Few studies abroad, and even fewer studies in Louisiana,
have focused on examining the trends in forest fragmentation by analyzing multiple time
periods. Forest fragmentation studies that ignore the time dimension are severely
handicapped in terms of applicability for studies of landscape evolution.
A preliminary objective of this research is to examine and quantify the trends in
forest land-cover composition over a ten-year period (1991-2001) in the landscapes of the
Florida Parishes. The second, but primary, objective of this research is to examine and
quantify the trends in forest fragmentation over a ten-year period (1991-2001) in the
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Florida Parishes study area. A tertiary objective of this research seeks to examine the
correlation of population data, as a surrogate to approximate suburban sprawl, with a
multitude of forest fragmentation metrics and to quantify the strength of those
correlations. A final objective of this research aims to determine which suburban sprawl
metric is most effective in explaining variation in forest fragmentation metrics. The
relationships of population with different forest fragmentation metrics could then be used
to further an understanding of the processes governing forest fragmentation and thereby
lead to more informed decisions regarding management of forested ecosystems.
1.9 Hypotheses
1.9.1 Landscape Composition
With consideration to the first objective of this research, determination of the
trends in composition of forest land-cover in the landscapes of the Florida Parishes
between 1991 and 2001, two hypotheses are possible:
Ho: Null hypothesis: The amount of forest land-cover in the landscapes of the Florida
Parishes has not changed significantly during the 1991-2001 period.
Ha: Alternative hypothesis: The amount of forest land-cover in the landscapes of the
Florida Parishes has changed significantly during the 1991-2001 period.
1.9.2 Forest Fragmentation
With consideration to the first objective of this research, determination of the
current trends of forest fragmentation in the Florida Parishes between 1991 and 2001, two
hypotheses are possible:
Ho: Null hypothesis: The fragmentation of forested landscapes in the Florida Parishes
has not changed significantly during the 1991-2001 period.
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Ha: Alternative hypothesis: The fragmentation of forested landscapes in the Florida
Parishes has changed significantly during the 1991-2001 period.
1.9.3 Correlation of Forest Fragmentation with Population Increase
With consideration to the second objective of this research, correlation of forest
fragmentation metrics with population metrics (as determined by U.S. Census Data) in
the Florida Parishes between 1991 and 2001, two hypotheses are possible:
Ho: Null hypothesis: A significant relationship does not exist between U.S. Census
population data and metrics describing trends of forest fragmentation in the forested
landscapes of the Florida Parishes between 1991 and 2001.
Ha: Alternative hypothesis: A significant relationship does exist between U.S. Census
population data and metrics describing trends of forest fragmentation in the forested
landscapes of the Florida Parishes between 1991 and 2001.
1.10 Justification
The spatial analysis of forest fragmentation produced by this research should
facilitate an increased understanding of the current trends and processes governing forest
resources in the Florida Parishes. Information regarding forest fragmentation trends may
prove helpful in studies of landscape evolution. Also, the findings of this research should
prove helpful in future studies of spatial analysis for forest inventory and increase our
understanding of the relationship between forest fragmentation and a multitude of
ecological processes.
Furthermore, this study may also be applicable in studying how spatial scale,
arrangement and heterogeneity affect a host of ecological processes at the landscapelevel. The study of processes at the landscape level is being recognized as a vital
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approach to the management and the conservation of species and habitats. The landscape
level patterns associated with forest fragmentation “are of fundamental importance in
designing and managing the environment for the conservation of biota” (Silva, 1992).
Finally, this study should provide an increased understanding of the effects of suburban
sprawl on forest fragmentation in landscapes of the Florida Parishes. The necessity of
designing land management strategies for multiple objectives is becoming increasingly
realized. Multiple objectives require multiple considerations. In the case of landscape
management, suburban sprawl is thought to be a governing factor which can no longer be
overlooked. The increased understanding of the effects of suburban sprawl on forest
fragmentation facilitated by this study could provide land managers and planners with
relevant information for developing management strategies.
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CHAPTER II
REVIEW OF LITERATURE
The way of a fool is right in his own eyes: but he that hearkeneth unto counsel is wise.
Proverbs 12:15
2.1 Forest Fragmentation
Forest fragmentation has been shown to have a multitude of direct and indirect
impacts on factors associated with forested ecosystems. The extent of these effects is
obviously determined by a broad array of other factors however, almost all forested
ecosystems are susceptible to impacts of one kind or another. Forest Fragmentation has
been shown to affect microclimate and pollution deposition (Weathers et al., 2000),
forest productivity (Laurance et al., 1997, 2001; Coops et al., 2004), occurrence of
invasive species (Jones et al., 2000), wildlife movement (Gardner et al., 1991), and
habitat suitability (Pearson et al., 1996; Burke et al., 2000). Forest fragmentation has also
been found to affect wildlife abundance and depredation. The effects of forest
fragmentation on wildlife populations are some of the most well known effects of
fragmentation. As F. B. Golley (1989), editor of the journal Landscape Ecology,
explains:
...it is obvious that species occupy landscapes and that the pattern of the
landscape supports or inhibits the survival and well being of species. For
example, the quality and distribution of resources influence species
distribution and abundance. But the quality of resource is not sufficient to
understand the distribution and abundance of the biota. The position of
resources in space and time, spatial relationship between resources, their
shape and pattern all may influence significantly the well-being of species.
Entire disciplines, including conservation, wildlife management, forest
management, biology among others, are beginning to recognize the importance of
landscape-level patterns in the management of resources and populations. The effects of
forest fragmentation are diverse and typically dependent upon a series of spatial
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characteristics such as patch, edge, core and connectivity characteristics. Therefore, the
effects of each of these are discussed in further detail in the sections below.
2.1.1 Patch Effects
One of the most basic units in any study of landscape ecology is the “patch”.
“Like the landscape, patches comprising the landscape are not self-evident; patches must
be defined relative to the phenomenon under consideration”(McGarigal, 1994). Not
surprisingly, definitions of “patch” are therefore also highly variable. “From an
ecological perspective, patches represent relatively discrete areas (spatial domain) or
periods (temporal domain) of relatively homogeneous environmental conditions where
the patch boundaries are distinguished by discontinuities in environmental character
states from their surroundings of magnitudes that are perceived by or relevant to the
organism or ecological phenomenon under consideration” (Wiens, 1976). For the
purposes of this study, patches will be defined as contiguous portions of forest habitat (as
determined by the previously mentioned definition of “forest”). The fragmentation of
forested ecosystems into smaller patches affects the landscape by both increasing the
perimeter of forest patches and changing the structural characteristics of the patches
themselves (Murcia, 1995).
2.1.2 Edge Effects
Forest fragmentation is widely known to increase forest edge habitat. “One of the
most dramatic and well-studied consequences of habitat fragmentation is an increase in
the proportional abundance of edge-influenced habitat”(McGarigal, 1994). The effects of
this increase in edge habitat can be viewed as beneficial or harmful depending on the
ecological process or economic factor of interest however, edge effects are often
associated with negative impacts. Edge effects are defined as “the effect of processes
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(both abiotic and biotic) at the edge that result in a detectable difference in composition,
structure or function near the edge, as compared to the ecosystem on either side of the
edge”(Harper, 2005). The negative consequences of edge effects are both diverse and
well-known (Murcia, 1995). Edge effects can physically degrade habitat (Gascon et al.,
2000), endanger resident biota (Robinson et al., 1995), and reduce the functional size of
nature reserves (Laurance et al., 1991; Laurance, 2000). Numerous studies, for example,
document biotic and abiotic edge effects in primary forest bordering anthropogenically
modified habitats (Donavan et al., 1997; McGeoch et al., 2000; Laurance et al., 2002).
Most of these studies have found forest fragmentation to profoundly influence multiple
ecological processes.
Higher levels of sunlight infiltration in edge habitats affects forest structure and
composition. In terms of species composition, edge habitats are often composed of
pioneer or shade-intolerant vegetative species. Increased light availability in edge habitats
often leads to increased occurrence of edge-tolerant species (Young et al., 1993). This
increase in light availability also typically contributes to higher species diversity in edge
habitats relative to that of interior habitats (Brothers, 1993; Burke et al., 1998; Fraver,
1994; Gehlhausen et al., 2000; Lloyd et al., 2000; Oosterhoorn et al., 2000). Sunlight
infiltration also affects forest structure in edge habitat, often leading to increased
vegetative bio-matter in the understory (Malcolm, 1994; Miller et al., 1985).
Edge habitat has also been shown to have increased susceptibility to invasive
species colonization and/or occurrence (Brothers et al., 1992; Burke et al., 1998; Fraver,
1994; Gehlhausen et al., 2000; Luken and Goessling, 1995; MacQuarrie et al., 2003 ).
Invasion of exotic species into edge habitat can further alter structure and composition, as
well as potentially reduce growth rates of more desirable species due to competition.
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Forest fragmentation has also been shown to increase the susceptibility of forest
patches to individual tree mortality due to factors such as insect infestation, disease and
especially windthrow (Laurance et al., 1998a; Mesquita et al., 1999; Burton, 2002;
Esseen et al., 1998). Forest fragmentation increases forest openings, thereby exposing
the entire crown of "edge" trees to the forces of wind. This increases the overall stress on
trees, and often leads to increased windthrow along cut block boundaries. In large
contiguous forest patches, the wind forces are restricted to the upper crown of a majority
of the trees in the patch. Although this effect works at the individual tree or edge level, at
extensive degrees of fragmentation, entire landscapes may become vulnerable to
catastrophic windthrow (Franklin and Forman, 1987).
In many cases, predation is increased in forest edge habitat, because accessibility
is increased for many species of predator. Also, many species that require more open and
protected habitats, find edge habitat useless. Therefore, forest fragmentation, which
increases edge habitat, decreases the amount of available habitat for many species.
Ultimately however, “the nature of the edge effect differs among organisms and
ecological processes”(Hansen et al., 1992). Such edge effects can physically degrade
habitat (McGeoch et al., 2000), endanger resident biota (Robinson et al., 1995) and
reduce the size of nature reserves (Laurance, 1991)..
2.1.3 Core Habitat
The core of a forest is often a drastically different ecosystem from that of forest
edge. Forest core habitat is defined as “the total patch or landscape area that consists of
interior forest outside the zone of significant edge influence (EI) (i.e., total forested area –
edge area)”(Harper et al., 2005). “Core area is defined as the area within a patch beyond
some specified edge distance or buffer width”(McGarigal, 1994).
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Forest core is often less influenced by external forces and is therefore usually less
susceptible to windthrow, disease, invasive species and fire. In other words, the edge
often acts as a protective buffer around the forest core. For these reasons, and others,
core forest habitat is often vital to many wildlife species and essential to the proper
functioning of multiple ecological processes.
2.1.4 Forest Patch Shape
Patch shape is an important factor related to forest fragmentation as it affects the
amount of core and edge habitat present in the patch. “The interaction of patch shape and
size can influence a number of important ecological processes. Patch shape has been
shown to influence inter-patch processes such as small mammal migration (Buechner,
1989), woody plant colonization, and may influence animal foraging strategies (Forman
et al., 1986).

Figure 2.1. Effects of Patch Complexity on Edge Habitat.
However, the primary significance of shape in determining the nature of patches
in a landscape seems to be related to the edge effect”(McGarigal, 1994). As Figure 2.1
illustrates, a patch with a more complex shape will possess more edge habitat and less
core habitat. The impacts of these changes have already been discussed.
2.1.5 Connectivity/Genetic Isolation/Wildlife Migration
The arrangement of forest patches, and the distances which separate them, are
some of the most important aspects governing mobility of populations and energy among
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habitats. “Habitat fragmentation involves the dis-aggregation and subdivision of
contiguous habitat into dis-aggregated and/or disjunct patches”(McGarigal, 1994).
Species with limited mobility, or those which require forest shelter, can become isolated
by forest fragmentation. Fragmentation can, therefore, hinder dispersal patterns, patch
colonization rates and genetic flow, which may result in a decline in certain populations,
genetic isolation/alterations or complete extinction of certain populations
Roads, clearcuts and other anthropogenically modified land-cover types have
been shown to create barriers to the movement of many animal species (Thompson and
Vukelich, 1981; McNicol and Gilbert, 1980; Hanley et al., 1989). The clearing of even
small patches of significant forest habitat can close a corridor (Forman, 1987). Human
activities can either block or eradicate animal movement corridors, which can negatively
impact wildlife populations by directly blocking reproduction. "Loss of connectivity may
also hinder breeding success, especially for the more thinly distributed carnivores" (Silva,
1992). Male and female animals may simply not come into contact as often as they would
in habitats in which movement is less restricted and/or reducing the amount of genetic
flow and consequently, genetic diversity present in "island" populations. Fragmentation
also limits the ability of isolated populations to respond to stresses (e.g. overpopulation,
food shortage) by relocating to a more favorable spot.
2.1.6 Wildlife Predator/Prey Relationships
For certain species, forest fragmentation can increase the rate of local population
extinctions. Local extinction is most common with small populations or those which
require large, connected home ranges (Harris, 1984). These populations are typically
those at the top of food chains, which prey on lower-level populations, often keeping the
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populations of these species in check. Removal of these higher order carnivores from an
ecosystem can lead to increased population fluxes in lower level organisms, leading to a
host of problems resulting from this imbalance. Therefore, fragmentation can lead to a
trickle-down effect and significant ecosystem damage.
2.1.7 Water Quality / Soil Erosion
Soil water naturally carries sediment, nutrients and pollutants. In a forested
ecosystem, sediment is often intercepted by increased vegetation. Porosity is often
increased in forest habitats relative to other land uses, which also increases the amount of
suspended sediment absorbed in forest soils. Fragmentation may reduce the amount of
so-called “sink habitat” water encounters on its downslope journey into lower-slope
areas. These effects can lead to increased soil erosion, decreased water and nutrient
availability in upstream areas and increased sediment/pollutant concentrations in streams
and riparian areas.
2.1.8 Social Effects of Fragmentation
Though often overlooked in studies of forest fragmentation, social consequences
of fragmentation are significant and deserving of note.
First and foremost in these considerations are generally the effects on the forest
resources utilized by society. Alterations to forest resource productivity induced by
forest fragmentation will obviously directly impact the society that utilizes them.
Forestry contributes 55 percent of the value of Louisiana’s land-based industries (LDAF,
2004). In addition to forest timber resources, the economic contribution of other factors
associated with forests must also be considered. Activities and resources associated with
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forests, such as hunting, fishing and recreation also make substantial economic
contributions to society.
Besides the effects to the resources utilized by society which have already been
mentioned, forested ecosystems play other roles in the well-being of society. As John
Muir stated (1912), “Everybody needs beauty as well as bread, places to play in and pray
in, where nature may heal and give strength to body and soul.” For many, forests provide
that beauty, that accompaniment to the bread upon which their lives depend. Forested
ecosystems can provide a source of recreation, a source of renewal from the cubicle life
becoming more common in our society. Often central to this recreation and renewal, is
the aesthetic value of the forest. The aesthetic value can go beyond that of recreation
however. For many, the aesthetic value of landscapes and forests can contain emotional,
inspirational and even spiritual value. Forest fragmentation can have an affect on these
values. The importance of these factors is beginning to be recognized with the inclusion
of visual resource management in many land management strategies (Dakin, 2003).
2.2 Remote Sensing/Spatial Analysis of Forest Fragmentation
Utilizing remotely sensed data is rapidly becoming a common means of
classifying, inventorying, and analyzing forested ecosystems. Remote sensing is gaining
popularity in forest analysis as it allows for exhaustive inventories with greatly reduced
reliance upon costly and time-consuming field data collection, or “cruising” as it is
termed in forestry.
Classifications from remotely sensed imagery are becoming the most common
means of assessing forest fragmentation. As previously stated, many studies have utilized
coarse-resolution satellite imagery to quantify forest fragmentation across broad regions.
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These studies have typically quantified fragmentation at resolutions at or exceeding onekilometer resolution such as those shown in Figures 2.2 and 2.3. “These results suggest
that… fragmentation is so pervasive that edge effects potentially influence ecological
processes on most forested lands” (Riitters et al., 2002).

Figure 2.2. Global patterns of forest fragmentation within 81-km 2 windows.
Source: Figure 5. Riitters et al., 2000. Global-Scale Patterns of Forest Fragmentation).
Note: The pie chart indicates the percentage of total forest area in each fragmentation
category.
Most agree however that a sensor capable of collecting finer-resolution data may
provide more accurate information concerning the effects of landscape fragmentation on
ecological processes. “Our analysis is conservative in the sense that a higher-resolution
thematic analysis (for example, distinguishing among forest types or age classes) or
spatial analysis (for example, using a smaller pixel size) would show even more
fragmentation” (Riitters et al., 2002). It is this finer spatial resolution that this study
aimed to utilize to more accurately characterize forest fragmentation.
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Figure 2.3. Patterns of forest fragmentation within 81-km 2 windows for North
America.(Source: Figure 5. (Riitters et al., 2000). Global-Scale Patterns of Forest
Fragmentation).
Note: The pie chart indicates the percentage of total forest area in each fragmentation
category.
Other studies have recognized the importance of finer resolution imagery in studies of
forest fragmentation. Many studies have utilized Landsat TM and ETM data to quantify
forest fragmentation. Most of these studies however have examined fragmentation in
only one time period, thereby making observations of trends in fragmentation impossible.
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2.3 Suburban Sprawl
“Spread-out suburban subdivisions are a hallmark of sprawl and can make it
difficult to provide residents with adequate nearby shopping or services, civic centers, or
transportation options”(Ewing, 1994). Suburban subdivisions have gained increasing
popularity with the advent of the automobile. Often this sprawl is highly related to the
separation of the location of a person’s residence from the locations of the rest of their
daily activities. Therefore, sprawl is typically observed in areas “without topographic or
water-related constraints that otherwise restrict development”(Ewing , 1994). The basic
theory is that sprawling suburban developments fracture forest connectivity thereby
increasing forest fragmentation. In a study of sprawling metropolitan areas in the United
States, Ewing et al. (2004) found Baton Rouge to be the 8th most sprawling metropolitan
area as determined by residential density.
In a ranking of all metropolitan areas based on numerous factors, not just
residential density, Baton Rouge is ranked the 24th most sprawling metropolitan area in
the nation. This combined with an increase in commuting from New Orleans (ranked
74th on the same list) to an area know as the “North Shore” has led to a great deal of
suburban sprawl in the area which will be known in this study as the Florida Parishes.
2.4 Correlation of Forest Fragmentation and Population Metrics
It has however been suggested that population density does not accurately
characterize suburban sprawl (Wolman et al., 2005). “Previous studies fall short by
equating sprawl with density. Leading scholars and practitioners reject the notion that the
degree of density is equivalent to the degree of sprawl, and contend that other
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characteristics, such as the strength of city and town centers, the neighborhood mix of
uses and the degree of street accessibility, also play a significant role” (Ewing, 1994).
Other studies have, however, shown a strong relationship between forest
fragmentation and population density. Vogelmann (1995) found “that satellite-derived
estimates of forest fragmentation are closely correlated with population density for a
large region within the northeastern United States”. Extensive research has not, however,
been conducted to determine if these correlations exist in other regions such as the
southeastern United States.
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CHAPTER III
STUDY AREA DEFINITION
“It is critical that extent and grain be defined for a particular study and
represent, to the greatest possible degree, the ecological phenomenon or
organism under study, otherwise the landscape patterns detected will have
little meaning and there is a good chance of reaching erroneous
conclusions”
~ Kevin McGarigal.
3.1 Study Area
The study area for this research corresponded to an area in southeast Louisiana
known as the Florida Parishes. These parishes are so termed as they were not included in
the original Louisiana Territory, but rather the Florida Territory.

Figure 3.1. Florida Parishes Study Area.

24

As established in previous discussions regarding landscape ecology, landscapes
must be defined relative to the factors and scale relevant to the processes or organisms of
interest. In this case, the process of interest is landscape-level forest fragmentation. The
goal of this study was to identify a biologically and ecologically similar study area in
which drastic human alterations are known to have occurred during the study period.
Therefore, a combination approach was undertaken to identify a similar study area using
ecological and civil boundaries.
The Florida Parishes of Louisiana include East Baton Rouge, East and West
Feliciana, Livingston, St. Helena, Tangipahoa, Washington and St. Tammany. Due to
similarity in geology, overall forest region, and other factors, portions of two additional
parishes, Ascension and Iberville, which are not normally considered to be a part of the
Florida Parishes, will be included for the purposes of this study. Considering these
factors, the modified Florida Parish boundary, as depicted previously in Figures 3.1, was
selected as the final overall study area. The total land acreage of the study area is
3,022,729 acres.
3.2 Ecological/Biological Considerations
The first set of considerations dealt with ecological and biological similarities.
Therefore a variety of spatial data sets with information regarding the natural
environment were examined. One of the greatest factors governing ecological and
biological similarities is the underlying geology of an area. Therefore, the first data set
consulted was the Generalized Geologic Map of Louisiana compiled by the Louisiana
Geologic Survey. Overall similarities in underlying geology were noted in many areas
however, the Pleistocene Terrace underlying what will later be defined as the Florida
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Parishes became of particular note to this study. The above-mentioned similarities in
geology as shown in Figure 3.2, became central to the study area selection in this study.

Figure 3.2. Generalized Geology of Louisiana
(Source: Louisiana Geological Survey. Accessible at http://www.lgs.lsu.edu).
One of the greatest influences of geology is that often, the underlying geology
determines overall soil types. Soil is a dominant factor in determination of vegetation
species composition and structure. These factors subsequently determine a range of
factors associated with ecosystems. Overall similarities in soil types were central to the
selection of a landscape for the focus of this study. Therefore, the second data set
consulted was the Generalized Soil Map of Louisiana, shown in Figure 3.3, compiled by
multiple agencies, most notably, the United States Geologic Survey. Overall similarity
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Figure 3.3. Generalized Soil of Louisiana.
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in broad soil types observed from the STATSGO data also led to an increased focus on
the Florida Parishes.
Finally, as this study deals with forested ecosystems, similarities in overall forest
type are obviously vital to the selection of a landscape. Therefore, the last data set
consulted to ensure ecological similarity of the study area was the Louisiana Forest Type
Map created by the Louisiana Dept. of Agriculture and Forestry as seen in Figure 3.4..
Broad “Forest Regions” were analyzed to create a broad based classification of parishes
into a Forest Eco-region.

Gum/Oak/Cypress
Loblolly/shortleaf
Oak/Pine or Oak/Hickory
Longleaf/Slash/Pine
Marsh
Prairie

Figure 3.4. Louisiana Broad Scale Forest Types
(Source: Louisiana Dept. of Agriculture and Forestry).
(Accessible at http://www.ldaf.state.la.us/multimedia/forestry/publications).
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3.3 Civil/Socio-economic Considerations
The suburban sprawl observed in the area surrounding Baton Rouge and New
Orleans during the time period of interest, as evidenced by U.S. Census population data,
as well as Ewing et al. (2004), as previously discussed, is among the highest of any
metropolitan area in the nation. The potential effects of suburban sprawl on forest
fragmentation were hypothesized to be most prevalent in the areas to which these cities
are spreading. Simultaneously, forest activity in this region is among the highest in the
state. The economic impact from forest products in the region is highly important. The
need for detailed and accurate information regarding this important forested eco-region,
and the processes occurring therein, influenced the selection of this study area.

Figure 3.5. Percent Change in Population Density by Parish.
(Source: U.S. Census Bureau Data)
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U.S. Census Bureau data was examined to determine which areas of the state are
experiencing the greatest increases in population and housing units, to be used as proxies
for suburban sprawl. It was found that increases in population density suggest the Florida
Parishes possessed the greatest rate of population increase of any region in the state
during the 1990 – 2000 study period. Figure 3.5 below illustrates this trend. U.S. Census
housing data also showed the Florida Parishes have undergone one of the highest
increases in housing units per square mile of any region in the state during the 1990 –
2000 study period. Figure 3.6 illustrates this trend.

Figure 3.6. Percent Change in Housing Unit Density by Parish.
(Source: U.S. Census Bureau Data)
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CHAPTER IV
REMOTE SENSING DATA
“For the last 25 years, the Landsat program...has successfully provided a
continuous supply of synoptic, repetitive, multi-spectral data of the Earth’s
land areas. These data have profoundly affected programs for mapping
resources, monitoring environmental changes, and assessing global
habitability” (Lauer et al., 1997).
4.1. Primary Data Sources
Primary data will consist of Landsat multi-spectral images for forest type classification.
The Landsat Imagery utilized for the study corresponds to the northern half of Path #22
and Row #39 as well as the northeast quarter of Path #23 and Row #39 as delineated by
the Worldwide Reference System (WRS-2) and as shown in Figure 4.1.

Figure 4.1. Landsat Worldwide Reference System Path/Row Grid of Louisiana.
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As with many other Earth-observing satellites, the Landsat satellites are collecting
information about reflected electromagnetic energy. Specifically, the sensors aboard
Landsat satellites collect data in the visible and infrared wavelengths of the
electromagnetic spectrum (Figure 4.2). Depending on the satellite, these wavelengths
range from approximately .4µm -2.4µm for Bands 1,2,3,4,5 and 7 and 10.4µm -12.5µm
for Band 6, the thermal band. The positions of these wavelengths on the electromagnetic
spectrum are shown in Figure 4.2.

Figure 4.2. The Electromagnetic Spectrum.
(Source: Landsat Thematic Mapper Imagery; Earth observation Satellite Company).
To classify the images utilized for this project, spectral bands B3, B4, and B5
(which represent red, NIR and MIR wavelengths respectively) will be utilized. Of the
seven bands collected by Landsat, “these bands contain the least amount of inter-band
correlation” (Mooney 2001). In addition, the reflective properties of vegetation with
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regard to the selected bands (B3, B4, and B5) contain more information than any other
band combination. The high reflectance of vegetative cover in the wavelengths
associated with these bands is illustrated in Figure 4.3 below. The data values of these
bands will serve as the primary data sources for the forest type classification.

Figure 4.3. Landsat TM Bands and Spectral Reflectance of Targets.
(Source: Landsat Thematic Mapper Imagery; Earth observation Satellite Company).
Landsat images of the study area, as shown in Figures 4.4-4.7 below, served as
the primary data sources for this project. The suitability of Landsat images for similar
purposes has been examined in previous studies including Brockhaus and Khorram,
1992. Due to the simplicity of the classification to be created, it was thought that singledate imagery should be more than adequate to classify land use.
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Landsat TM Imagery – October 11, 1991
Path 22 Row 39

Band
Combination
5,4,3

Figure 4.4. Landsat TM Imagery. Primary Data Source. DOA 10/11/1991.
(Imagery courtesy of University of Maryland, Global Land-cover Facility).

Landsat TM Imagery – August 23, 1991
Path 23 Row 39

Band
Combination
5,4,3

Figure 4.5. Landsat TM Imagery. Primary Data Source. DOA 08/23/1991.
(Imagery courtesy of University of Maryland, Global Land-cover Facility).
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Landsat ETM+ Imagery – August 3, 2001
Path 22 Row 39

Band
Combination
5,4,3

Figure 4.6. Landsat ETM+ Imagery. Primary Data Source. DOA 08/03/2001.
(Imagery courtesy of Louisiana Dept. of Environmental Quality, Paul Zundel).
.

Landsat ETM+ Imagery – September 27, 2001
Path 23 Row 39

Band
Combination
5,4,3

Figure 4.7. Landsat ETM+ Imagery. Primary Data Source. DOA 09/27/2001
(Imagery courtesy of Louisiana Dept. of Environmental Quality, Paul Zundel).
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4.2 Secondary Data Sources
Secondary data sources for the project will include U.S. Forest Service, Forest
Inventory and Analysis (FIA) Plots and Digital Orthophoto Quarter Quadrangles
(DOQQ). Forest Inventory and Analysis (FIA) Plots, served as the main ground-truth by
which classification accuracy may be measured. Ground truth is often determined via
Ground Control Points (GCPs). GCPs are fixed Points on the ground where land-cover
type is known. GCPs were used to estimate accuracy of the land-cover classification. A
secondary accuracy assessment utilized visual observations of secondary data DOQQs at
randomly selected points. These data sets were used only as reference data and were not
utilized in the classification process.
4.3 Software
The main software programs utilized for this project will be ERDAS Imagine 8.3,
ESRI Arc Map version 9.0, FragStats 3.3 Spatial Analyses Software, and Statistical
Package for the Social Sciences (SPSS) 11.0.1. ERDAS Imagine 8.7 was utilized solely
for all image classification procedures. ESRI Arc Map was utilized to create all map
compositions. FragStats 3.3 Spatial Analyses Software was utilized for all spatial
analyses. Finally SPSS was utilized for statistical applications, such as the T-test,
Pearson’s Correlation Analyses, and linear correlations to be discussed in later chapters.
.
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CHAPTER V
IMAGE CLASSIFICATION METHODOLOGY
5.1 Image Classification Introduction
The primary objective of this research is to examine the trends in forest
fragmentation over the 1991-2001 period in the Florida Parishes of Louisiana. The 1991
and 2001 imagery dates were selected due to availability of imagery as well as temporal
proximity of these images to U.S. Census data collection years. The need for temporal
proximity of these data sets will be discussed in later chapters.
The first step in examining the trends in forest fragmentation during this period
was to create land-cover classifications for imagery for both dates. As previously
mentioned, classification is defined as “the process of sorting pixels into a finite number
of individual classes, or categories of data, based on their data file values” (ERDAS,
1997). In other words, categorizing each pixel, on the basis of spectral signatures, into
particular land use classes (e.g. urban, forest, agriculture, etc…).
In this research, classifications will consist of only two classes: Forest and Nonforest. This two-class classification may seem overly simplified, however, two classes
were deemed appropriate as this study is only interested in forest land-cover change. The
definition of forest to be utilized for this study has already been discussed in Section 1.1.
The other class, “non-forest”, will consist of all other land cover types present in the
study area (e.g. urban, agriculture, pasture). The sections below outline the
methodologies utilized to create the classifications used in this study.
5.2 Pre-Processing
To prepare the raw images for processing, certain astronomical and atmospheric
corrections will be made. The Julian date and earth-sun distance will be inserted into a
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model to output eccentricity. Eccentricity is a measure of an astronomical orbits
deviation from circularity. In other words, the orbit of the earth is not circular but rather
elliptical. Therefore, the distance between the sun and the Earth fluctuates throughout the
year, in addition to seasonal fluctuations due to the rotation of Earth’s axis. In addition,
the satellite’s orbit is elliptical and therefore also has an eccentricity measure. Both of
these irregularities in orbit have an impact on the reflectance values collected by the
sensor. To account for these irregularities, the exact eccentricity measure for the date of
acquisition for both images was calculated.
In addition to astronomical irregularities, Earth’s atmosphere affects data values
collected by satellite sensors. Electromagnetic energy may be reflected, absorbed,
transmitted or scattered when entering Earth’s atmosphere, striking a target, and returning
back through the atmosphere.

Figure 5.1. Atmospheric Effects on Electromagnetic Energy
(Source: Landsat Thematic Mapper Imagery. Earth Observation Satellite Company).
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Removing atmospheric effects is especially necessary for scene-matching and
change-detection analysis. These atmospheric effects are often referred to as
“atmospheric noise” because these effects misrepresent the true reflectance value of the
target. The atmosphere affects not only what type of energy strikes any target on the
Earth’s surface, but also affects the energy a second time before potential collection by an
Earth Observation Satellite (EOS), as seen in Figure 5.1. These noises impede the ability
to collect land surface information accurately and consistently. A reflectance model is a
means of correcting for much of this atmospheric “noise”. Converting the DN to an atsatellite reflectance value can normalize a significant proportion of atmospheric noise. A
model that accounts for many of the above-mentioned factors and outputs a reflectance
image will be utilized to pre-process the images. Reflectance images were used for all
further procedures in the project.
5.3 Forest/Non-forest Land-cover Classification
The first step in the process of examining forest fragmentation in the study area is
to create land-cover classifications. Landsat TM data from 1991 and Landsat ETM+ data
from 2001 were selected to create the forest/non-forest classifications for two reasons:
1) Availability of imagery
2) Applicability of 30m resolution data for this type of application.
A combination of supervised classification and image thresholding was utilized
for the forest/non-forest classification process. Even though the study area requires two
Landsat scenes from different dates for complete coverage, Landsat images were
classified separately to avoid discrepancies due to temporal variation. The classifications
were later merged to create the final land-cover classification maps. All data sets were
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subset to exclude large water bodies. Excluding these areas will reduce the bias in many
population density metrics, to be discussed later in this research.
5.3.1 Supervised/Unsupervised Classification
Supervised classification was conducted to first establish spectral signatures based
on the spectral characteristics of forested regions. Training fields were developed by
“roping” off “Areas of Interest” (AOIs). Erdas software was then used to examine the
spectral characteristics of the pixels in the specified AOI and create a spectral signature.
These steps were repeated throughout the image in an effort to capture a wide range of
forested environments in the signature set being developed. Once a seemingly adequate
signature set had been developed, signatures were examined for seperability using a cell
matrix. Those spectral signatures found to have seperability values less than 10% were
merged into a single signature. This was done to reduce the number of redundant
signatures. Once a final, supervised set of spectral signatures was obtained, the signature
set was utilized in a supervised classification process. Supervised classification was done
using maximum likelihood decision rule, which is a method which employs a decision
rule that uses probabilities to assign a pixel to a particular class. This step produces a
classified image file, as well as a one band, 16-bitdistance file in which the data file value
is the result of a distance equation.
This distance file was then utilized in a threshold procedure. The term "threshold"
in this case refers to a cutoff point for the distance file values. A threshold confidence
level of .05 was selected. The confidence level affects the chi-squared value, which is
used in statistically calculating the threshold. This, in essence, trims the tail of the
histogram for the distance file, which corresponds to high distance file values. The end
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result of the thresholding process is a subset of pixels in the image in which there is a
high level of confidence in the similarity of those pixels to the supervised signature set
developed in the step above. The classes contained in this final threshold image were
recoded to the two predefined land-cover categories (Forest / Non-forest), which were
utilized in this study. This final image was recoded to a 4-bit thematic image.
Those pixels which were excluded are those in which spectral similarity to those
supervised signatures could not be established at the specified confidence level. These
excluded pixels were isolated via a mask. This mask was then used to specify those pixels
to be classified via unsupervised methods.
Unsupervised classification was utilized to develop signatures of unclassified
pixels specified by the threshold mask created in the previous step. Isodata
(unsupervised) signatures were initialized from the image statistics, and signatures were
presented in approximate true color to facilitate land-cover determination. Individual
signatures were also examined for homogeneity.

In most of the scenes, the final

signature sets utilized contained approximately 120 signature classes.
Once the final isodata signature sets were obtained for each of the scenes, focus
shifted to determination of the land-cover type classes represented by the isodata
signature sets. This was done by individually flickering the spectral signature classes
over the original image to determine the land-cover class. Land-cover class codes were
assigned and recoding was used to collapse the image from many classes to the two
predefined land-cover categories (Forest / Non-forest), which were utilized in this study.
In other words, this was done to collapse the original spectral signatures into unique
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thematic categories, which could be utilized for further analysis. The final image
produced at this step was an unsigned 4-bit thematic image.
The final four images created by supervised and unsupervised classification, were
then merged to complete (or fill in the holes) in the classifications. This was done by
inputting both images into an overlay function, which, in essence, sums the two images.
As the two classifications were mutually exclusive, no dominance rules were required.
This process was repeated for each individual Landsat scene in both classification years.
The results of these processes were the final Supervised/Unsupervised classified images
to be utilized in later methodologies.
5.3.2 Band 5 Level Slice
Band 5 of Landsat TM and ETM+ corresponds to MIR. The wavelengths
recorded by this band are highly informative with regard to vegetation. Preliminary
observation of the Landsat imagery utilized for this study revealed that a “threshold” (a
boundary in reflectance values which may correspond to changes in land cover) may
exist in Band 5 which may very closely delineate Forest/Non-forest classes. Some broad
land-cover types are highly distinguishable by this band due to the absorption/reflection
characteristics of targets with regard to this band. For example, water absorbs NIR
wavelengths almost entirely, therefore Digital Numbers (DN) of water targets are
extremely low. Forest was also found to consistently be represented by an area in the
histogram between a point near the valley representing a threshold of the water class and
a peak threshold representing a transition to non-forest classes. Therefore, utilization of a
Band 5 level slice was thought of as an appropriate secondary method of Forest/Nonforest classification.
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Band 5 subset images were input into a model, which recoded all pixels with DNs
less than the specified “Water/Forest Threshold Value”, or DN values above the specified
“Forest/Non-forest Threshold Value” to a Non-forest class code. All pixels in the
“Forest” range were coded to a Forest class. The Forest/Non-forest classifications
produced by the level slice process outlined above were utilized in the next step to
increase confidence.
5.3.3 Supervised/Unsupervised Classification / Band 5 Level Slice Matrix
It is important to note that the level slice images created by this process were only
utilized to increase confidence in those areas in which the two methods (Supervised /
Unsupervised classification and Band 5 Level Slicing) agreed, and to identify those areas
in which the methods disagreed for further analysis. To determine this
agreement/disagreement, both classifications were input into a matrix. This matrix
produces a new image consisting of four classes. Classes 1 and 4 are those in which both
methods agreed, and classes 2 and 3 are those in which the methods disagreed as shown
in Table 5.1 below.
Table 5.1. Dual Classification Method Agreement/Disagreement Matrix

Class

Band 5
Level Slice
Classification

Dual Classification
Method
Agreement/Disagreement

Forest

Non-forest

Supervised/Unsupervised
Classifcation
Class
Forest

Non-forest

1

2

3
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4

Agreement
Classes 1&4
Disagreement
Classes 2&3

5.3.4 Disagreement Re-classification
The areas in which the two methods disagreed were isolated by roping the area
delineated by disagreement classes, as shown in Table 5.1 above, with an Area of Interest
(AOI). The original 5,4,3 Landsat images were subset using this AOI, and those subsets
were re-examined, and re-processed through a supervised/unsupervised classification
procedure identical to the one described in Section 5.2.1 above. This was done because it
was thought that increased attention to only those areas in which classification into landcover types was proving difficult would produce a new and more accurate classification
in those areas.
The final recoded agreement and disagreement images produced by the
methodologies outlined in the two previous sections were then combined using an
overlay function, in which one image was chosen to dominate in the overlapping portion
of the images. The final images produced by this overlay function are the final separatescene, Forest / Non-forest classifications seen in Figures 5.2 and 5.3 seen in the following
section.
5.3.5 Overlap Agreement
Before merging the separate classifications created by all previous sections, the
overlap region present in those separate classifications was evaluated using automatic
comparison. This was done to examine resulting agreement and discrepancies between
the classifications and ensure similarity in classification procedure. This automatic
comparison was accomplished using the same type of matrix comparison previously
outlined in Table 5.1.
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Path 23 Row 39

Landsat TM Imagery

Path 22 Row 39

753

1991 Forest / Non-Forest Land Cover Classifications
Path 23 Row 39

Path 22 Row 39

Figure 5.2. 1991 Land-cover Classification Procedure Depiction
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September 27, 2001
Path 23 Row 39

August 3, 2001Path 22 Row 39
Landsat ETM Imagery

7,5,3

2001 Forest / Non-Forest Land-cover Classifications
Path 23 Row 39

Path 22 Row 39

Legend
Forest
Non-Forest

Figure 5.3. 2001 Land-cover Classification Procedure Depiction
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Table 5.2 Separate Classification Overlap Agreement Matrix

1991 Overlap Agreement Matrix
1991 P22 R39 Land
Cover Class

1991 P23 R39 Land Cover Class
Forest

Non-Forest

Forest

1891951

156924

Non-Forest

271445

1305830

Total
Total
Pixels In 2048875
Agreement
1577275

% Agree
92.341%
82.790%

Total Pixels In Agreement

3354705

3626150

Total

2163396

1462754

3626150

Overall Agreement

% Agree

87.453%

89.272%

92.514%

2001 Overlap Agreement Matrix
2001 P23 R39 Land Cover Class
Non-Forest
Total
Total
264694
1479421
Pixels In 1744115
Agreement
338989
2089051
1750062

2001 P22 R39 Land
Cover Class

Forest

Forest
Non-Forest

% Agree
84.824%
83.773%

Total Pixels In Agreement

3494177

3833166

Total

1818410

2014756

3833166

Overall Agreement

% Agree

81.358%

86.862%

91.156%

Table 5.2 shows the agreement of classifications in the overlap region. In the
1991 imagery classifications, 92.51% of pixels were in agreement. The 2001
classifications showed a pixel classification agreement of 91.16%.
5.4 Final Separate Classification Merge
To create the Final Forest/Non-Forest Classifications for 1991 and 2001 seen in
Figures 5.4 and 5.5, the separate classifications discussed and seen in Figures 5.3 and 5.4,
were merged using the mosaic option. The final images were subset to exclude any water
class as determined by a Band 5 level slice. These thematic images are those which were
utilized for all further spatial analyses discussed in later chapters.
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1991 Final Forest Non-Forest Land-cover Classification

Legend
Forest
Non-Forest

Figure 5.4. 1991 Final Forest/Non-Forest Land-cover Classification
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2001 Final Forest Non-Forest Land Cover Classification

Legend
Forest
Non-Forest

Figure 5.5. 2001 Final Forest/Non-Forest Land-cover Classification
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5.5 Image Classification Accuracy Assessments
Land-cover classifications were constructed from spectral signatures of targets
recorded on satellite imagery. It is important to consider that ground land-cover types
can be difficult to classify from the ground. Therefore, the problem is compounded at a
distance of 700 km from the target. This leads to inaccuracies in the classification.
Therefore, something must be known about the accuracy of the classification, which can
consequently determine the amount of confidence one can place in the satellite data
classification. To determine the accuracy of the assessment, a sample of points are
usually observed in greater detail, generally utilizing additional data sets for the purpose
of comparison.
Two separate accuracy assessments were conducted. One accuracy assessment
utilized Digital Orthophoto Quarter Quadrangles (DOQQ) reference images. The other
assessment utilized USFS FIA plot data. FIA Plot data was utilized to conduct a groundtruth accuracy assessment. Each accuracy assessment is discussed in detail in the
following sections.
5.5.1 DOQQ Ancillary Data Accuracy Assessment
Digital Orthophoto Quarter Quadrangles were utilized. DOQQ images taken in
2004, which were utilized for the 2001 assessment, were only available in the center
portion of the study area. Therefore, the classifications were subset to this area, and
points were selected randomly within this area. The DOQQ images utilized for
comparison with the 1991 classification were taken in 1994-1995. Obviously the
temporal difference in DOA of imagery could produce errors in utilization of this data.
Therefore, DOQQ ancillary imagery was simultaneously visually compared to the
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original satellite imagery from which the classifications were created. If the comparison
of the two images suggested a change in land cover between the Dates-of-Acquisition
(DOA) of the two images, that point was excluded from consideration and new points
were selected until 1000 credible points were defined in both data sets.
Table 5.3 DOQQ/Image Classification Accuracy Assessment

1991 Image Classification Accuracy Assessment

1994 DOQQ /
Ancillary Data

1991 Image Classification
Forest

Non-Forest

Forest

371

53

Non-Forest

35

541

Total In
Agreement

Total In Agreement

912

Total

406

594

1000

% Agree

91.379%

91.077%

Total

% Agree

424

87.500%

576

93.924%

1000
Overall Accuracy

91.200%

2001 Image Classification Accuracy Assessment

2004 DOQQ /
Ancillary Data

Forest
Forest

326

Non-Forest

43

2001 Image Classification
Non-Forest
Total
Total In
53
379
Agreement
620
577

Total In Agreement

903

Total

369

630

999

% Agree

88.347%

91.587%

% Agree
86.016%
93.065%

999
Overall Accuracy

90.390%

Table 5.3 shows the results of the classification accuracy assessments conducted
utilizing DOQQs. Overall, in the 1991 imagery classification, 91.20% of pixels were
determined to have been classified correctly. The 2001 classification assessment
indicated an overall accuracy, as determined by DOQQ ancillary data, of 90.39%. The
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accuracies indicated by these assessments suggest that a great deal of confidence may be
placed in the classifications created in this study.
5.5.2 USFS FIA Plot Ground Truth Accuracy Assessment
The Forest Inventory and Analysis (FIA) Program of the U.S. Department of
Agriculture (USDA) Forest Service (USFS) collects data on a set of permanent plots
throughout the nation known as Forest Inventory Analysis plots. These plots serve as a
means of sampling to provide the information needed to assess America's forests. FIA
plots are permanent plots, some of which established in 1930, which are assessed once
every 10 years. These permanent plots are spaced in a relatively homogenous
distribution throughout the entire country. A variety of data is collected at each FIA plot,
including land-cover type, as well as stand age for forested plots. These two data
categories are the types of information necessary for a ground truth accuracy assessment
of the classifications created for this study.
Therefore, Forest Inventory Analysis plot data was identified as a valuable data
source for determining the accuracy of the forest type classifications to be created in this
project. Unfortunately, in examining the feasibility of use of this data, it was discovered
that FIA plots, their locations, and associated owner information are protected by law. If
the USFS releases any information that reveals either location or ownership it is
punishable by $10,000 and/or a year in jail. For something such as an accuracy
assessment, location data is a necessity, and thus using this data seemed impossible.
USFS personnel did however allow for utilization of these data sets under USFS
supervision so that usage of the data may be monitored and the location sensitivity of the
data ensured. Therefore, the following accuracy assessment was conducted at the USFS
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Lab located in Knoxville, TN. Consequently, a figure showing the exact locations of the
points utilized is unavailable. Therefore, a summary of the findings is presented in the
accuracy assessment matrix shown below in Table 5.4.
The 1991 image was compared to USFS Cycle 2 data collected in or within a few
years following 1991. The total number of FIA plots in existence in the 1991 Cycle 2
data was 532. However, due to various reasons such as refusal of participation by
landowners, as well as occasional mis-registration problems, only 489 possessed valid
data and were utilized for the accuracy assessment.
Table 5.4 FIA Plot Data/Image Classification Accuracy Assessment

1991 Image Classification Accuracy Assessment

1991 USFS FIA Plot
Cycle 2 Data

1991 Image Classification
Forest

Non-Forest

Forest

284

9

Non-Forest

11

185

Total In Agreement

Total In
Agreement
469

Total

295

194

% Agree

96.271%

95.361%

489

Total

% Agree

293

96.928%

196

94.388%

489
Overall Accuracy

95.910%

2001 Image Classification Accuracy Assessment

2001 USFS FIA Plot
Cycle 3 Data

Forest
Forest

178

Non-Forest

9

2001 Image Classification
Non-Forest
Total
Total In
5
183
Agreement
145
136

Total In Agreement

314

Total

187

141

% Agree

95.187%

96.454%

53

328

% Agree
97.268%
93.793%

328
Overall Accuracy

95.732%

With regard to the 2001 image classification, USFS Cycle 3 data collected in or
within a few years following 2001 was utilized for the accuracy assessment. One of the
issues encountered with this data was that the data set was incomplete. In other words,
data collection had not yet taken place on many of the FIA plots. Therefore, even more
FIA plots were lacking data in the 2001 Cycle 3 data. This consideration, in addition to
refusal of participation by landowners, or other factors preventing data collection, yielded
an even lower number of FIA plots possessing valid data . Consequently, the total
number of plots utilized for the accuracy assessment in 2001 was 328.
Table 5.4 shows the results of the classification accuracy assessments conducted
utilizing FIA plot data. Overall, 95.91% of GCPs were in agreement with the 1991
imagery classification. The 2001 classification assessment indicated that 95.73% of
GCPs were in agreement with the 2001 imagery classification. The accuracies indicated
by these additional assessments strengthen the confidence which may be placed in the
classifications created in this study.
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CHAPTER VI
SPATIAL ANALYSES METHODOLOGY
Tobler's First Law of Geography:
Everything is related to everything else,
but near things are more related than distant things. (Tobler 1969)
6.1 Spatial Analyses Methodology
Final forest/non-forest classifications for both time periods were subset using the
adapted census tract shapefiles to prepare the data for spatial analysis. FragStats Spatial
Analysis Software was used to assess spatial patterns. “FRAGSTATS is a spatial patternanalysis program for quantifying landscape structure”(McGarigal, 1994).
Forest fragmentation is far too complex a phenomenon to be characterized by one
all-encompassing metric. Therefore, a variety of metrics related to forest fragmentation
will be calculated for each census tract in the study area in both time periods. Brief
introductions to the categories of metrics to be calculated are discussed below.
6.2 Landscape Composition Metrics
One of the foremost questions of interests, and the question posed in the first
hypothesis, deals with the simple trends in forest land-cover composition in the
landscapes of the Florida Parishes. After all, the amount of a landscape occupied by a
particular land-cover class is one of the simplest, but fundamental, metrics dictating
and/or affecting a host of other processes in that landscape. Innumerable ecological
processes can be influenced by the abundance of a class type in the landscape.
FragStats spatial analysis software calculates many metrics for characterizing
landscape composition, however, as normalization to landscape area is essential in this
study, the “Percentage of Landscape” (PLAND) metric was selected to characterize this
composition. PLAND quantifies the proportional abundance (expressed as a percentage)
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of each patch type in the landscape. In terms of methodology, PLAND calculations are
straightforward. This metrics merely sums class area, across all patches of that type,
normalizing the measurement to total landscape area. Nevertheless, details discussing
how this metric is calculated are outlined in Figure 6.1.

Figure 6.1. Patch Density Calculation Methodology. (Source: McGarigal, 1994).
6.3 Forest Patch Metrics
Patch metrics are some of the most elementary, but fundamental, metrics for
describing forest fragmentation. FragStats calculates many statistics for characterizing
patch characteristics. These include “number of patches”, “patch density” and “mean
patch size”. “The size and number of patches comprising a landscape mosaic is perhaps
the most basic aspect of landscape pattern that can affect myriad processes”(McGarigal,
1994). An increase in the number of patches and patch density in a forested landscape,
and/or reduction in mean patch size would suggest an increase in the fragmentation of
that landscape.
In terms of methodology, patch metric calculations are fairly straightforward. This
group of metrics deals with the number and size of patches. Therefore, these metrics are
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calculated by means of simply summing patch counts, averaging area, and in certain
cases, normalizing to a measurement of land unit. Nevertheless, details discussing how
these metrics will be calculated are discussed in the following sections.
6.3.1 Patch Density
Patch density is a fundamental and indicative measure of landscape structure.
“Patch density has the same basic utility as number of patches as an index, except that it
expresses number of patches on a per unit area basis that facilitates comparisons among
landscapes of varying size”(McGarigal, 1994). Patch Density in a landscape can have a
great deal of ecological applicability because it hints at spatial heterogeneity in the
landscape mosaic. It is important to note, however, that Patch Density is a measure of
numbers of patches, not their area or distribution. Therefore patch density should not be
used as a comprehensive fragmentation index. Calculations of this metric involve merely
summing the number of patches within a landscape, and normalizing to landscape area
The calculations involved are outlined in Figure 6.2.

Figure 6.2. Patch Density Calculation Methodology. (Source: McGarigal, 1994).
6.3.2 Mean Patch Area
“The area of each patch comprising a landscape mosaic is perhaps the single most
important and useful piece of information contained in the landscape. Not only is this
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information the basis for many of the patch, class, and landscape indices, but patch area
has a great deal of ecological utility in its own right”(McGarigal, 1994). Calculation of
this metric involves summing the area of all patches of the type of interest in the
landscape divided by the number of patches of that type. These calculations are outlined
in Figure 6.3 below.

aij = area (m2) of patch ij.
ni = number of patches in the landscape of patch type (class) i.

Description

MN AREA equals the area (m2) of the patch, divided by 10,000 (to convert to
hectares), summed across all patches of the corresponding patch type, divided by
the number of patches of the same type.

Units

Hectares

Range

MN AREA > 0, without limit.

Figure 6.3. Mean Patch Area Calculation Methodology. (Source: McGarigal, 1994).
6.3.3 Largest Patch Index
The “Largest Patch Index” (LPI) at the class level quantifies the percentage of
total landscape area comprised by the largest patch. As such, it is a simple measure of
dominance” (McGarigal, 1994). Obviously, if a landscape contains one large patch
occupying a large amount of the total landscape area, that patch may have a dominant and
important role in the function of the entire landscape. LPI equals the area of the largest
patch of that particular class type, normalized to landscape area and converted to a
percentage. The calculations involved in LPI are outlined in Figure 6.4 below.
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Figure 6.4. Largest Patch Index Calculation Methodology. (Source: McGarigal, 1994).
6.4 Forest Edge Metrics
FragStats calculates multiple metrics for characterizing edge characteristics. All
of these metrics are dependent upon a user specified “depth to edge” distance.

90 meter
Edge
Influence
Distance

Figure 6.5. Distance of Edge Influence for Different Categories of Response Variables.
Mean absolute value per study calculated in Harper et al., 2005 (Adapted from Figure 3).
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This distance is the point at which the metric begins to calculate edge habitat
areas etc. To determine an appropriate “depth-to-edge” distance for forested ecosystems,
a review of the literature was necessary. In a review of multiple studies, Harper et al.,
(2005) found that many of the effects of edge influence reached a threshold at a distance
of 90 meters from the edge, as seen in Figure 6.5 below. Therefore, for all metrics
calculating edge and/or core habitat, a 90-meter edge depth was specified.
6.4.1 Edge Density
One of these metrics, “Edge Density”, calculates the entire length of edge in the
landscape (meters), normalized by landscape area. Edge density was selected for use in
this study as this metric “reports edge length on a per unit area basis that facilitates
comparison among landscapes of varying size ”(McGarigal, 1994). A more fragmented
landscape is expected to have a higher edge density. The calculation of Edge Density is
outlined in Figure 6.6 below.

Figure 6.6. Edge Density Calculation Methodology. (Source: McGarigal, 1994).
6.5 Forest Core Metrics
The core of a forest is often a drastically different ecosystem from that of forest
edge. “Core area is defined as the area within a patch beyond some specified edge
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distance or buffer width. Core area metrics reflect both landscape composition and
landscape configuration” (McGarigal et al., 2002). Forest core is often less influenced by
external forces and is therefore usually less susceptible to windthrow, disease, invasive
species and fire. In other words, the edge often acts as a protective buffer around the
forest core. For these reasons and others, core forest habitat is often vital to many
wildlife species and essential to the proper functioning of many ecological processes.
Core area metrics reflect both landscape composition and landscape configuration”
(McGarigal, 1994).
6.5.1 Average Core Area per Patch
FragStats Spatial Analyses Software calculates many statistics for characterizing
core characteristics. “Average core area per patch” characterizes the mean area of the
core portion of all forest patches in the landscape. A more fragmented landscape is
expected to have less core area than a more contiguous landscape. The calculation of the
“Average Core Area per Patch” metric is outlined in Figure 6.7.
aijc = core area (m2) of patch ij based on specified edge depths (m).
ni = number of patches in the landscape of patch type (class) i.

Description

CORE MN equals the area (m2) within the patch that is further than the specified
depth-of-edge distance from the patch perimeter, divided by 10,000 (to convert to
hectares)., summed across all patches of the corresponding patch type, divided by
the number

Units

Hectares

Range

CORE MN > 0, without limit.

Figure 6.7. Mean. Core Area Calculation Methodology. (Source: McGarigal, 1994).
6.5.2 Core Area Percentage of Landscape
“Core Area Percentage of Landscape” characterizes the proportional abundance
of the core area of all forest patches in the landscape. A more fragmented landscape is
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expected to have less core area than a more contiguous landscape. The calculation of the
“Core Area Percentage of Landscape” metric is outlined in Figure 6.8.

Figure 6.8. Core Area Percent of Landscape Calculation Methodology.
6.6 Patch Shape Metrics
FragStats calculates multiple statistics for characterizing patch shape characteristics. A
more fragmented landscape is expected to have patches that are more complex in shape,
and consequently possess more edge habitat, than a more contiguous landscape. A fractal
index is a means of characterizing shape complexity. “The degree of complexity of a
polygon is characterized by the fractal dimension (D), such that the perimeter (P) of a
patch is related to the area (A) of the same patch by P≅√AD (i.e., log P ≅ ½D log A). “A
fractal dimension greater than 1 for a 2-dimensional patch indicates a departure from
Euclidean geometry (i.e., an increase in shape complexity). For simple Euclidean shapes
(e.g., circles and rectangles), P ≅ √A and D = 1 (the dimension of a line). As the polygons
become more complex, the perimeter becomes increasingly plane filling and P ≅ A with
D → 2. ”(McGarigal, 1994). These calculations are shown in Figure 6.9.
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Figure 6.9. P/A Fractal Dimension Calculation Methodology. (Source: McGarigal, 1994).
6.7 Patch Arrangement/Connectivity Metrics
The distance to neighboring patches and measures of spatial arrangement of patches are
metrics of great value in understanding many ecological processes. The distance between
and arrangement of habitats can impede movement and lead to genetic isolation. These
affects can have disastrous effects on certain wildlife populations.
6.7.1 Euclidean Nearest Neighbor Distance
Euclidean Nearest Neighbor (ENN) Distance is a metric which directly characterizes the
average distance between patches in the landscape.

Figure 6.10. ENN Calculation Methodology. (Source: McGarigal, 1994).
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“Euclidean nearest-neighbor distance is perhaps the simplest measure of patch context
and has been used extensively to quantify patch isolation. Here, nearest neighbor distance
is defined using simple Euclidean geometry as the shortest straight-line distance between
the focal patch and its nearest neighbor of the same class” ” (McGarigal, 1994). The
calculations involved in the ENN metric are outlined in Figure 6.10.
6.7.2 Clumpiness Index
To characterize these phenomena, FragStats Spatial Analyses Software calculates
a range of metrics. One metric selected to characterize spatial arrangement of forests in
the landscape is a Clumpiness Index.

Figure 6.11. Clumpiness Index Calculation Methodology. (Source: McGarigal, 1994).
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“Given any Pi , “CLUMPY” equals -1 when the focal patch type is maximally
disaggregated; “CLUMPY” equals 0 when the focal patch type is distributed randomly,
and approaches 1 when the patch type is maximally aggregated” (McGarigal, 1994). The
calculations involved in the Clumpy metric are outlined in Figure 6.11.
6.8 Trends in Fragmentation
The fragmentation metrics created were compared in the 1991 and 2001 time
periods to assess overall trends. Trends in fragmentation were assessed by calculating
simple change metrics for each landscape for a selected group of fragmentation metrics.
These trends are discussed in detail in Chapter 8.
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CHAPTER VII
SUBURBAN SPRAWL CHARACTERIZATION METHODOLOGY
"The United States is suburbanizing. The environmental, economic, and
societal impacts of development – i.e., changes in land cover from
agricultural and forested regimes to suburban and urban landscapes – are
not well understood, or even adequately characterized. This is especially
true of sprawl -- the attenuated, land-consumptive pattern of suburban
development that has dominated the American landscape since the advent
of the interstate highway system after World War II" (Civco et al., 2002).
7.1 Suburban Sprawl
Development associated with suburban sprawl often fractures forest connectivity,
thereby increasing forest fragmentation. Vogelmann, (1995) found or suggested the
existence of strong relationships between forest fragmentation and suburban sprawl The
strength of these relationships, especially in the Florida Parishes is however unknown.
Therefore, the second research hypothesis aims to quantify any such correlation in the
Florida Parishes during the time period of interest. Details discussing the methodologies
utilized to study this relationship are discussed in the following sections.
7.2 Landscape Definition-Census Tract/Block Group Modifications
To examine forest fragmentation and suburban sprawl, common boundaries must
be utilized in examining both data sets. Parish boundaries were deemed unsuitable for
analysis in a preliminary study due to the broad scope. Census tracts were identified as
potential landscape boundaries in which both variables could be assessed at a finer scale.
Due to inconsistency in census tract boundaries from the 1990 and 2000
censuses, it became necessary to modify the boundaries of the census tract polygons. For
any study of trends in landscapes, the definition of the landscape (i.e. boundaries) must
remain constant. Therefore, U.S. Census block group were used in conjunction with tract
boundaries.
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Figure 7.1. “Landscapes” of the Florida Parishes of Louisiana.
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Before calculations began, block groups and tract polygons were merged,
dissolved and otherwise modified until identical boundaries were obtained for each time
period. The polygons produced created the landscapes upon which further fragmentation
and sprawl analyses were conducted. U.S. Census tract and block group boundaries were
modified to produce the final landscapes depicted in Figure 7.1. The use of the term
“landscape” in the duration of this study refers to these areas defined by semi-biological,
semi-civil considerations.
7.3 U.S. Census Bureau Data/Estimating Suburban Sprawl
U.S. Census Bureau data was used to estimate suburban sprawl. The suburban
sprawl estimates utilized for the study were “Population per Square Mile” and “Housing
Units per Square Mile”. These two data sets related to sprawl were calculated and
analyzed for all landscapes in the study area in both 1990 and 2000.
As with the forest fragmentation metrics, comparison amongst landscapes of
varying sizes was important. Therefore metrics were normalized to a per-land-unit basis.
This normalization was based on a census tract area formed by the exclusion of water and
other Lands Unavailable for Development (LUD) such as swamps to reduce bias in the
suburban sprawl statistics.
Figures 7.2 and 7.3 depict the change in these metrics during the time period of
interest. Those landscapes that experienced an increase in these metrics are shown in red
tones, with increasing value denoting greater degrees of increase in the metric.
Landscapes which actually experienced a decrease in this metric, or remained constant,
are shown in yellow tones, with increasing value denoting greater decrease in the metric.
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Figure 7.2. Population Per Square Mile Change in the Florida Parishes of Louisiana (1990-2000).
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Figure 7.3. Housing Units Per Square Mile Change in the Florida Parishes of Louisiana (1990-2000).
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The results show that 87.4% of landscapes in the area experienced an increase in
“Population per Square Mile” during the time period of interest (Figure 7.2). Similarly,
97.5% of landscapes in the area experienced an increase in “Housing Units per Square
Mile” (Figure 7.2). Correlations of both metrics with forest fragmentation metrics will be
examined as per the final research question posed in this thesis.
7.4 Overall Suburban Sprawl Ranking
A simple ranking was constructed using the various suburban sprawl metrics to
identify those landscapes which were shown to experience the most drastic sprawl using
both sprawl metrics. In other words, this ranking is an attempt at combining the two
metrics into one measure which aims solely to identify sprawl change relative to other
landscapes in the study area.
This ranking was created by individually assigning each landscape a rank based
on the change experienced in that landscape in comparison to all other landscapes. This
was done for each metric separately. The rankings for each metric may be seen in
Appendices 2(a) and 2(b). A final, comprehensive ranking was then created by averaging
the rankings across both metrics, and re-assigning ranks. In other words, a “ranking of
rankings” was created. This produced the final “Suburban Sprawl Ranking” seen in
Figure 7.4.
The overall suburban sprawl ranking identified St. Tammany 8 as the landscape
that underwent the greatest increase in sprawl. Other landscapes experiencing
exceptionally large increases in sprawl, as identified by this comprehensive ranking,
included Ascension 2, 3 and 4, East Baton Rouge 4, 15 and 18, Livingston 1,4 and 5 ,
Iberville 5, and Tangipahoa 7 and St. Tammany 5.
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Figure 7.4. Overall Suburban Sprawl Metric Change Ranking.
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7.5 Forest Fragmentation/Suburban Sprawl Correlation Statistics
As the data sets created contained a multitude of metrics, some of which being
extraneous, Pearson’s Correlation Analysis was first utilized to reduce the data set.
Pearson’s Correlation was utilized to identify those forest fragmentation metrics which
exhibit a degree of correlation with suburban sprawl metrics. Simple, bi-variate
regression analysis was then utilized to examine the strength of the relationship between
the above-mentioned suburban sprawl metrics, with the fragmentation metrics identified
for future analysis by the Pearson’s Correlation Analysis. R2 values were used to
determine the extent of the correlation between the factors being observed. The results of
these analyses are discussed in Chapter 9.
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CHAPTER VIII
FOREST FRAGMENTATION SPATIAL ANALYSES RESULTS
Commoner's First Law of Ecology:
Everything is connected to everything else. (Commoner 1971)
8.1 Results
Spatial arrangement metrics were calculated for both classification dates, and the
change in these metrics was analyzed to observe the trends of forest fragmentation in the
landscapes of the Florida Parishes during the study period. All spatial arrangement
metrics analyzed suggested increases in forest fragmentation in a majority of the
landscapes of the Florida Parishes during the study period. The changes in spatial
statistics vary with individual metric and landscape. However, the consistent indication
of increasing forest fragmentation by all metrics, suggests that the spatial composition
and arrangement of forest habitat in the Florida Parishes has changed during the time
period of interest.
Table 8.1 Forest Fragmentation Metrics, Mean Landscape Paired Samples T-Tests

Pair
Mean Difference
PLAND91 - PLAND01
0.779332911
PD91 - PD01
-2.148493671
LPI91 - LPI01
2.196346835
AREAMN91 - AREAMN01
5.979832911
ED91 - ED01
-8.377096203
CPLAND91 - CPLAND01
1.761279747
COREMN91 - COREMN01
2.580879747
PAFRAC91 - PAFRAC01
-0.016264557
ENNMN91 - ENNMN01
-0.698439241
CLUMPY91 - CLUMPY01
0.033311392

t
1.44262
-8.9901
3.45553
6.63929
-6.8386
3.80788
4.75846
-3.1012
-1.2531
6.19769

df
78
78
78
78
78
78
78
78
78
78

Sig. (2-tailed)
0.153131466
1.1279E-13
0.000891524
3.794E-09
1.59503E-09
0.000277695
8.80054E-06
0.00268216
0.213901883
2.52773E-08

To determine whether the differences in mean fragmentation metrics were
actually statistically valid, paired t-test were run for each metric. The calculated spatial
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statistics for each landscape were input into SPSS to determine significant difference in
the mean values observed. The t-test statistics calculated are outlined in Table 8.2. Of
particular interest in Table 8.2 are the calculated t-values. The t-value is an indication of
the probability that landscapes from 1991 and 2001 have the same mean and that
differences in the means are due to random fluctuation. The t-value is positive if the first
mean is larger than the second and negative if it is smaller As the t-value gets larger (in
either the positive or negative direction) the probability that the means are not
significantly different gets smaller. If the absolute value of the observed (calculated) Tvalue is greater than the critical T-value, this difference supports rejection of the null
hypothesis (no significant difference between the means), and one should fail to reject the
alternative hypothesis (the means are significantly different).The critical t-value for
df=78 and alpha =.05 is t= 1.66. Those calculated t-values, which were greater than the
critical t-value of 1.66 represent significant differences in the means at the given
confidence level, and are shaded in gray.
It is important to note that these statistical significant differences apply only to an
average of all landscapes. The lack of a significant difference in the means of a particular
metric does not imply that there is not a large difference in this metric in particular
landscapes. In other words, while the metric may not have changed significantly across
the study area as a whole, individual landscapes may have experienced a drastic change
during the time period. Similarly, the existence of a significant difference in the means
of a particular metric does not imply that there is a significant difference in this metric in
every landscape. Again, the metric may have changed significantly across the study area
as a whole, however individual landscapes may have remained relatively constant with
regard to the metric of interest during the time period. It is therefore important to
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examine each metric in detail, at a landscape level. The results of each individual metric
are discussed in detail below:
8.2 Landscape Composition Metrics
“Percentage of landscape” (PLAND) occupied by forest quantifies the
proportional abundance (expressed as a percentage) of forest land-cover in the landscape.
Fragstats showed a decrease in the percentage of landscape occupied by forest land-cover
in a slight majority of the landscapes in the Florida Parishes during the 1991 - 2001 study
period. Across all landscapes, “Percentage of landscape” occupied by forest decreased,
from an average of 30.7% of the landscape to 29.7% of the landscape, during the study
period. These results suggest an overall decrease in the amount of forests in the
landscapes of the Florida Parishes. Though this decrease may seem minute, a small
decrease in forested habitat can have a large impact on ecological processes.
As shown previously in Table 8.2, the observed t-value of 1.44 was not greater
than the critical t-value of 1.66 and therefore, did not indicate a significant difference in
mean “percentage of landscape” occupied by forest. However, this does not suggest that
drastic changes have not occurred in particular landscapes with regard to the amount of
forest in that landscape.
Figure 8.1 below illustrates the “change” in the “percentage of landscape” metric
in each of the landscapes. Landscapes are depicted using a natural breaks classification
method. Those landscapes that experienced a decrease in the “percentage of landscape”
occupied by forest metric are shown in red tones, with increasing value denoting greater
degrees of decrease in the metric. Those landscapes that experienced a decrease in the
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Figure 8.1. Forest Percent of Landscape Change in the Florida Parishes of Louisiana (1991-2001).
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“percentage of landscape” metric amount to 56% of landscapes during the study period.
The remaining landscapes, which remained constant or actually experienced an increase
in forest “percentage of landscape”, are shown in shades of yellow, with increasing value
denoting greater degrees of increase in the metric.
Figure 8.1 shows a concentration of landscapes experiencing large decreases in
forest cover “percentage of landscape” through the center portions of Livingston Parish,
portions of Ascension, St. Helena, Tangipahoa, and Washington parishes. Some of these
landscapes are also known to have experienced large increases in population metrics
during the study period. The existence of any correlations will however be discussed in
the next chapter. Also of interest, is the fact that virtually the whole of St. Tammany
parish, as well as significant portions of East and West Feliciana parishes, were shown to
actually gain forest cover during the time period of interest. Some of this gain took place
in landscapes shown to have large population metric increases, such as St. Tammany 8.
This may suggest that sprawl is not a dominant, contributing factor to the fragmentation
of forests in those particular landscapes.
8.3 Forest Patch Metrics
Some of the most elementary, but fundamental, metrics that describe forest
fragmentation are simple patch metrics. Patch characteristics can dictate or affect a
multitude of ecological processes, as well as many other spatial arrangement metrics. It
is therefore vital to understand patch characteristics if one is seeking to understand
processes in the landscape as a whole.
8.3.1 Forest Patch Density
Forest patch density is a sum of the number of patches in a landscape normalized
to a per hectare basis. Again, an increase in the number of patches per hectare would
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suggest an increase in the fragmentation of a landscape. Spatial analyses showed an
increase in the forest patch density in a majority (86%) of the landscapes in the Florida
Parishes during the 1991 - 2001 study period. Across the entire study area, “Patch
Density” increased from an average of 2.53 patches per 100 hectares, to 4.67 patches per
100 hectares, during the study period. These results suggest a consistent and dramatic
increase in the fragmentation of a vast majority of the forested landscapes of the Florida
Parishes.
As shown previously in Table 8.2, the observed T-value of 8.99 was greater than
the critical t-value of 1.66 and therefore, did indicate a significant difference in mean
forest “Patch Density”. However, this does not suggest that drastic changes to patch
density occurred in all landscapes.
Figure 8.2 illustrates the change in “Patch Density” in each of the landscapes,
separated into 10 classes by natural breaks. Those landscapes that experienced an
increase in Patch Density are shown in red tones, with increasing value denoting greater
degrees of increase in the metric. Those landscapes experiencing an increase in the Patch
Density metric amount to 86% of landscapes during the study period. The remaining
landscapes, which remained constant or actually experienced a decrease in forest “patch
density”, are shown in shades of yellow, with increasing value denoting greater degrees
of decrease in the metric.
Figure 8.2 shows a concentration of landscapes experiencing large increases in
forest cover “Patch Density” around the eastern outskirts of East Baton Rouge Parish,
western portions of Livingston Parish, central portions of Ascension Parish, as well as
Tangipahoa, and Washington parishes. Some of these landscapes are also known to have
experienced large increases in population metrics during the study period.
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Figure 8.2. Forest Patch Density Change in the Florida Parishes of Louisiana (1991-2001).
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Also of interest, is the large decrease in “Patch Density” observed in St.
Tammany 6 and 7, as well as significant portions of East and West Feliciana parishes..
These landscapes were not however shown to have large population metric increases.
Therefore, another factor, such as timber management, may be contributing to the
observed decrease in “Patch Density” in those particular landscapes.
8.3.2 Mean Forest Patch Area
Average forest area per patch characterizes the mean area of all forest patches in
the landscape. In this case, a decrease in average patch size would suggest an increase in
the fragmentation of a landscape. Fragstats showed a decrease in the “mean forest patch
area” in a vast majority of the landscapes in the Florida Parishes during the 1991 - 2001
study period. Across all landscapes, “mean forest patch area” decreased from an average
of 14.83 hectares, to 8.85 hectares, during the study period. These results suggest a
consistent and dramatic increase in the fragmentation of a vast majority of the forested
landscapes of the Florida Parishes.
As shown previously in Table 8.2, the observed t-value of 6.64 was greater than
the critical t-value of 1.66 and therefore, did indicate a significant difference in “mean
forest patch area” averaged across all landscapes. However, this does not suggest that
drastic changes to “mean patch area” occurred in all landscapes.
Figure 8.3 illustrates the change in “mean forest patch area” in each of the
landscapes, separated into 10 classes by natural breaks. Those landscapes that
experienced a decrease in “mean forest patch area” are shown in red tones, with
increasing value denoting greater degrees of decrease in the metric. Those landscapes
experiencing a decrease in the “mean forest patch area” metric amount to 85% of
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Figure 8.3. Mean Area per Patch Change in the Florida Parishes of Louisiana (1991-2001).
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landscapes during the study period. The remaining landscapes, which remained constant
or actually experienced an increase in “mean forest patch area” are shown in shades of
yellow, with increasing value denoting greater degrees of increase in the metric.
Figure 8.3 shows a concentration of landscapes experiencing large decreases in
“mean forest patch area” in many landscapes known to have experienced large increases
in population metrics during the study period. These include Livingston 7 , Ascension 5,
as well as St. Tammany 8 and 11. Overall however, Figure 8.3 seems to differ
substantially from the trends observed in Figures 7.2 - 7.4.
Also of interest, is the large increase in “mean forest patch area” observed in St.
Tammany 6 and 7, as well as significant portions of East and West Feliciana parishes.. A
similar pattern was observed with the “Patch Density” metric. This may strengthen the
belief that another factor, may be contributing to the observed spatial pattern changes in
those particular landscapes.
8.3.3 Largest Patch Index
“Largest Patch Index” quantifies the percentage of total landscape area comprised
by the largest patch. A large patch of forest land-cover may have a dominant and
important role in the functioning of the entire landscape. In this case, a decrease in size
of the largest forested patch in a landscape will be interpreted as suggesting an increase in
the fragmentation of a landscape. Fragstats showed a decrease in the “Largest Patch
Index” in a vast majority of the landscapes in the Florida Parishes during the 1991 - 2001
study period. Across all landscapes, “Largest Patch Index” decreased from an average of
10.20 percent of the landscape, to 8.01 percent of the landscape, during the study period.
These results suggest a consistent and dramatic increase in the fragmentation of a vast
majority of the forested landscapes of the Florida Parishes.
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Figure 8.4. Largest Patch Index Change in the Florida Parishes of Louisiana (1991-2001).
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As shown previously in Table 8.2, the observed t-value of 3.45 was greater than
the critical t-value of 1.66 and therefore, did indicate a significant difference in “largest
patch index” averaged across all landscapes. However, this does not suggest that drastic
changes to “largest patch index” occurred in all landscapes.
Figure 8.4 illustrates the change in “Largest Patch Index” in each of the
landscapes, separated into 10 classes by natural breaks. Those landscapes that
experienced a decrease in “Largest Patch Index” are shown in red tones, with increasing
value denoting greater degrees of decrease in the metric. Those landscapes experiencing a
decrease in the Largest Patch Index metric amount to 70% of landscapes during the study
period. The remaining landscapes, which remained constant or actually experienced an
increase in forest “Largest Patch Index” are shown in shades of yellow, with increasing
value denoting greater degrees of increase in the metric.
Figure 8.4 shows that few patterns seem to exist amongst landscapes with regard
to increases/decreases in “Largest Patch Index. However, it may be of interest, that once
again many landscapes in St. Tammany, East and West Feliciana parishes, actually
increased with regard to this metric. Each successive metric seems to indicate that these
landscapes do not follow the majority pattern and may be under the influence of
landscape-specific factors.
8.4 Forest Edge Metrics
As previously stated, forest fragmentation is widely known to increase forest edge
habitat. An “Edge Density” metric was chosen to characterize this phenomenon. “Edge
Density” is a sum of the length of edge in a landscape normalized to a per-hectare basis.
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Again, an increase in the amount of edge per hectare would suggest an increase in the
fragmentation of a landscape.
Fragstats spatial analyses showed an increase in the forest edge density in a vast
majority of the landscapes in the Florida Parishes during the 1991 - 2001 study period.
Across all landscapes, “Edge Density” increased from an average of 48.389 meters per
hectare to 57.22 meters per hectare, during the study period. These results suggest a
dramatic increase in the fragmentation of the forest landscapes.
As shown previously in Table 8.2, the observed t-value of 6.84 was greater than
the critical t-value of 1.66 and therefore, did indicate a significant difference in “Edge
Density” averaged across all landscapes. However, this does not suggest that drastic
changes to “Edge Density” occurred in all landscapes.
Figure 8.5 illustrates the “change” in “Edge Density” in each of the landscapes,
separated into 10 classes by natural breaks. Those landscapes that experienced an
increase in “Edge Density” are shown in red tones, with increasing value denoting greater
degrees of increase in the metric. Those landscapes experiencing an increase in the Edge
Density metric amount to 81% of landscapes during the study period. The remaining
landscapes, which remained constant or actually experienced a decrease in forest “Edge
Density” are shown in shades of yellow, with increasing value denoting greater degrees
of decrease in the metric.
Figure 8.5 shows concentrations of landscapes experiencing large increases in
“Edge Density” in many landscapes known to have experienced large increases in
population metrics during the study period. These include East Baton Rouge 14 and 15,
Livingston 7 , Ascension 4, as well as St. Tammany 8, 10 and 11.
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Figure 8.5. Largest Patch Index Change in the Florida Parishes of Louisiana (1991-2001).
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Overall however, Figure 8.5 seems to differ substantially from the trends
observed in Figures 7.2 - 7.4. Keep in mind however that this is merely based on visual
observation. The existence of any correlation will be discussed in the next chapter. Also
of interest, is the large decrease in “Edge Density” observed in St. Tammany 6 and 7, as
well as significant portions of East and West Feliciana parishes.. Again, these landscapes
are proving to be the exceptions to the majority rule.
8.5 Forest Core Metrics
The core of a forest is often a drastically different ecosystem from that of forest
edge. Forest core is often less influenced by external forces and is, therefore, usually less
susceptible to windthrow, disease, invasive species and fire. In other words, the forest
edge often acts as a protective buffer around the forest core. For these reasons and
others, core forest habitat is often vital to many wildlife species and essential to the
proper functioning of many ecological processes.
8.5.1 Average core area per patch
Fragstats Spatial Analyses Software calculates many statistics for characterizing
core characteristics. Average core area per patch characterizes the mean area of the core
portion of all forest patches in the landscape. A more fragmented landscape is expected to
have less core area per patch than a more contiguous landscape.
Spatial analyses showed a decrease in the average core area per patch in a vast
majority of the landscapes in the Florida Parishes during the 1991 - 2001 study period.
Across all landscapes, “average core area per patch” decreased from 5.54 hectares to 2.96
hectares during the study period. These results indicate a dramatic increase in the
fragmentation of forested landscapes.
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Figure 8.6. Mean Core Area Per Patch Change in the Florida Parishes of Louisiana (1991-2001).
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As shown previously in Table 8.2, the observed t-value of 4.76 was greater than
the critical t-value of 1.66 and therefore, did indicate a significant difference in “average
core area per patch” averaged across all landscapes. However, this does not suggest that
drastic changes to “average core area per patch” occurred in all landscapes.
Figure 8.6 illustrates the change in “average core area per patch” in each of the
landscapes, separated into 10 classes by natural breaks. Those landscapes that
experienced a decrease in “average core area per patch” are shown in red tones, with
increasing value denoting greater degrees of decrease in the metric. Those landscapes that
experienced a decrease in the metric amount to 80% of landscapes during the study
period. The remaining landscapes, which remained constant or actually experienced an
increase in forest “average core area per patch” are shown in shades of yellow, with
increasing value denoting greater degrees of increase in the metric.
Figure 8.6 shows concentrations of landscapes experiencing large decreases in
“average core area per patch” in many landscapes known to have experienced large
increases in population metrics during the study period. These include East Baton Rouge
14 and 15, Livingston 7, as well as St. Tammany 8 and 11. Overall however, Figure 8.6
seems to differ substantially from the trends observed in Figures 7.2 - 7.4. Again, the
same pattern of St. Tammany 6 and 7, as well as significant portions of East and West
Feliciana parishes serving as “the exceptions to the rule”, was observed in this metric as
well.
8.5.2 Core Area Percentage of Landscape
A useful metric for characterizing core characteristics is the “Core Area
Percentage of Landscape”. This metric quantifies the proportional abundance of core,

90

forested area in a landscape. A more fragmented landscape is expected to contain a
smaller percentage of core area than a more contiguous landscape. Spatial analyses
showed a decrease in the percentage of the landscape comprised of core, forested area in
a vast majority of the landscapes in the Florida Parishes during the 1991 - 2001 study
period. Across all landscapes, “Core Area Percent of Landscape” decreased from
11.01% to 8.72%, during the study period. These results indicate a dramatic increase in
the fragmentation of the forest landscapes.
As shown previously in Table 8.2, the observed t-value of 3.81 was greater than
the critical t-value of 1.66 and therefore, did indicate a significant difference in “Core
Area Percentage of Landscape” averaged across all landscapes. However, this does not
suggest that drastic changes to “Core Area Percentage of Landscape” occurred in all
landscapes. Individual landscapes may have remained constant or increased with regard
to “Core Area Percentage of Landscape” during the time period of interest.
Figure 8.7 illustrates the “change” in “Core Area Percentage of Landscape” in
each of the landscapes, separated into 10 classes by natural breaks. Those landscapes that
experienced a decrease in “Core Area Percentage of Landscape” are shown in red tones,
with increasing value denoting greater degrees of decrease in the metric. Those
landscapes that experienced a decrease in the metric amount to 73% of landscapes during
the study period. The remaining landscapes, which remained constant or actually
experienced an increase in forest “Core Area Percentage of Landscape” are shown in
shades of yellow, with increasing value denoting greater degrees of increase in the
metric.
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Figure 8.7. Core Area Percentage of Landscape Change in the Florida Parishes of Louisiana (1991-2001).
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Figure 8.7 shows that concentrations of landscapes experiencing large decreases
in “Core Area Percent of Landscape” do not seem to follow a similar pattern to that
observed in population metrics during the study period. Also of interest, is the large
increase in “Core Area Percent of Landscape” observed in St. Tammany 6 and 7, as well
as significant portions of East and West Feliciana parishes.. A similar pattern was
observed with the many of the other metrics already discussed. This may further suggest
that other factors are contributing to the observed spatial pattern changes in those
particular landscapes.
8.6 Patch Shape Metrics
Patch shape is an important factor related to forest fragmentation as it affects the
amount of core and edge habitat present in the patch. A patch with a more complex
shape will possess more edge habitat, and less core habitat. The impacts of these changes
have already been discussed.
Fragstats Spatial Analyses Software calculates many statistics for characterizing
patch shape characteristics. One such metric, the “Perimeter-Area Fractal Dimension”
index is a means of characterizing shape complexity. “The Fractal Index metric
approaches 1 for shapes with very simple perimeters such as squares, and approaches 2
for shapes with highly convoluted, plane-filling perimeters” (McGarigal, 1994). A more
fragmented landscape is expected to have patches that are more complex in shape, and
consequently possess more edge habitat, than a more contiguous landscape.
Spatial analyses showed an increase in the “Perimeter-Area Fractal Dimension”
value in a vast majority of the landscapes researched during the 1991 - 2001 study period.
Across all landscapes, “Perimeter-Area Fractal Dimension” increased from 1.411 to

93

1.427 during the study period. These results suggest an increase in shape complexity and
consequently, fragmentation of a majority of the forested landscapes.
As shown previously in Table 8.2, the observed t-value of 3.10 was greater than
the critical t-value of 1.66 and therefore, did indicate a significant difference in
“Perimeter-Area Fractal Dimension” averaged across all landscapes. However, this does
not suggest that drastic changes to “Perimeter-Area Fractal Dimension” occurred in all
landscapes.
Figure 8.8 illustrates the “change” in “Perimeter-Area Fractal Dimension” in each
of the landscapes, separated into 10 classes by natural breaks. Those landscapes that
experienced an increase in “Perimeter-Area Fractal Dimension” are shown in red tones,
with increasing value denoting greater degrees of increase in the metric. Those
landscapes that experienced an increase in the metric amount to 59% of landscapes
during the study period. The remaining landscapes, which remained constant or actually
experienced a decrease in forest “Perimeter-Area Fractal Dimension” are shown in
shades of yellow, with increasing value denoting greater degrees of decrease in the
metric.
Figure 8.8 shows a relatively random and inconsistent distribution of landscapes
experiencing large increases in “Perimeter-Area Fractal Dimension”. There does
however seem to be a concentration of landscapes which experienced a decrease in
“PAFRAC” in East and West Feliciana, as well as northern East Baton Rouge Parish.
Interestingly, the same pattern already discussed continued with regard to this metric in
St. Tammany 7, as well as significant portions of East and West Feliciana parishes. St.
Tammany 6 however for the first time displayed a different pattern as this landscape
actually experienced an increase in “Perimeter-Area Fractal Dimension”.
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Figure 8.8. “Perimeter-Area Fractal Dimension” Change in the Florida Parishes of Louisiana (1991-2001).
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8.7 Patch Arrangement/Connectivity Metrics
The arrangement of forest patches, and the distances which separate them, are some of
the most important aspects governing mobility of populations among habitats. Species
with limited mobility, or those which may require forest shelter, can become isolated by
forest fragmentation. Therefore, the distance to neighboring patches is a measure of great
value in understanding many ecological processes.
8.7.1 Euclidean Nearest Neighbor Distance
To characterize this metric, Fragstats Spatial Analyses Software calculates a
“Euclidean Nearest Neighbor Distance” metric. A more fragmented landscape is
expected to have more patches, and consequently the distance between those patches may
be less than a more contiguous landscape with a few large forest patches. However, if the
increase in patch density is coupled with a decrease in landscape composition, the
distance between patches may increase.
Spatial analyses showed an increase in the “Euclidean Nearest Neighbor
Distance” value in a majority of the landscapes researched during the 1991-2001 study
period. Across all landscapes, “Euclidean Nearest Neighbor Distance” increased from
75.34 meters to 76.02 meters during the study period. These results indicate a slight
increase in distance between forest patches. Interpretation of this metric must be
approached with caution.
As shown previously in Table 8.2, the observed t-value of 1.25 was not greater
than the critical t-value of 1.66. This vale did not indicate a significant difference in mean
“Euclidean Nearest Neighbor Distance” occupied by forest. However, drastic changes
may have occurred in particular landscapes with regard to the “Euclidean Nearest
Neighbor Distance”.
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Figure 8.9. “Euclidean Nearest Neighbor Distance” Change in the Florida Parishes of Louisiana (1991-2001).
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Figure 8.9 illustrates the “change” in “Euclidean Nearest Neighbor Distance” in
each of the landscapes, separated into 10 classes by natural breaks. Those landscapes that
experienced an increase in “Euclidean Nearest Neighbor Distance” are shown in red
tones, with increasing value denoting greater degrees of increase in the metric. Those
landscapes that experienced an increase in the metric amount to 60% of landscapes
during the study period. The remaining landscapes, which remained constant or actually
experienced a decrease in forest “Euclidean Nearest Neighbor Distance” are shown in
shades of yellow, with increasing value denoting greater degrees of decrease in the
metric. Figure 8.9 shows a relatively random and inconsistent distribution of landscapes
experiencing large increases/decreases in “Euclidean Nearest Neighbor Distance”.
Interesting to note however is that all landscapes in St. Tammany Parish, experienced a
decrease in “Euclidean Nearest Neighbor Distance”.
8.7.2 Clumpiness Index
To characterize this metric, Fragstats Spatial Analyses Software calculates a
“Clumpiness Index” metric. A more fragmented landscape is expected to have more
patches, and consequently the distance between those patches may be less than a more
contiguous landscape with a few large forest patches.
Spatial analyses showed a decrease in the “Clumpiness Index” value in a vast
majority of the landscapes researched during the 1991 - 2001 study period. Across all
landscapes, “Clumpiness Index” decreased from 0.822 to 0.786 during the study period.
These results indicate a decrease in spatial aggregation and consequently fragmentation
of the forest landscapes. As shown previously in Table 8.2, the observed t-value of 6.20
was greater than the critical t-value of 1.66 and therefore, did indicate a significant
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difference in “Clumpiness Index” averaged across all landscapes. However, this does not
suggest that drastic changes to “Clumpiness Index” occurred in all landscapes.
Figure 8.10 illustrates the “change” in “Clumpiness Index” in each of the
landscapes, separated into 10 classes by natural breaks. Those landscapes that
experienced a decrease in “Clumpiness Index” are shown in red tones, with increasing
value denoting greater degrees of decrease in the metric. Those landscapes that
experienced a decrease in the metric amount to 76% of landscapes during the study
period. The remaining landscapes, which remained constant or actually experienced an
increase in forest “Clumpiness Index” are shown in shades of yellow, with increasing
value denoting greater degrees of increase in the metric.
Figure 8.10 shows a concentration of landscapes experiencing large decreases in
“Clumpiness Index” around the eastern outskirts of East Baton Rouge Parish, western
portions of Livingston Parish, central portions of Ascension Parish, as well as some
landscapes in Tangipahoa, and St. Tammany parishes. Some of these landscapes are also
known to have experienced large increases in population metrics during the study period.
Overall however, Figure 8.10 does not seem to visually correspond well to Figures 7.2 7.4.
Also of interest, is the large increase in “Clumpiness Index” observed in St.
Tammany 6 and 7, as well as significant portions of East and West Feliciana parishes.
Again, these landscapes were not shown to have large population metric increases.
Therefore, another factor, may be contributing to the observed spatial patterns in those
particular landscapes.
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Figure 8.10. “Clumpiness Index” Change in the Florida Parishes of Louisiana (1991-2001).
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8.8 Overall Forest Fragmentation Ranking
A ranking was constructed using the various forest fragmentation metrics to
identify those landscapes which were shown to experience the most drastic increases in
fragmentation using the various forest fragmentation metrics. In other words, this
ranking is an attempt at combining the multiple metrics calculated into one measure to
identify fragmentation change relative to other landscapes in the study area.
This ranking was created by determining the direction (increase/decrease) which
indicates increase in fragmentation for each metric. Each landscape individually was
then assigned a rank based on the change experienced in that landscape in comparison to
all other landscapes. The landscape experiencing the largest increase in fragmentation
was assigned a value of 1, and so on. This was done for each metric separately. The
rankings for each metric may be seen in Appendices 2a and 2b. A final, comprehensive
ranking was then created by averaging the rankings across all metrics (with one exception
to be discussed). In other words, a “ranking of rankings” was created. This produced the
final Forest Fragmentation Ranking seen in Figure 8.11.
The exclusion mentioned above dealt with the Euclidean Nearest Neighbor
Distance metric. As previously stated, interpretation of this metric must be approached
with caution. A clear direction which denotes increase in fragmentation cannot be
determined using this metric alone. It was therefore decided to omit this metric from
ranking calculations. The overall forest fragmentation ranking identified Livingston 7 as
the landscape which underwent the greatest increase in fragmentation. Other landscapes
experiencing large increases in fragmentation as identified by this comprehensive ranking
included Ascension 2 and 9, Livingston 9 , Iberville 5, and Washington 7 and 8.
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Figure 8.11. Overall Forest Fragmentation Metric Change Ranking.
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8.9 Spatial Analyses Results Summary
Though fragmentation metrics did vary among the landscapes of the Florida
Parishes, a majority of metrics indicated that forest fragmentation has increased
substantially in a majority of the landscapes of the Florida Parishes. Many landscapes
showed consistent and drastic increases in fragmentation metrics. These included
Livingston 7 and 9; Ascension 2-4; Tangipahoa 7 and 9; among others. Other
landscapes were consistent in their inconsistency with regard to the majority pattern.
These included St. Tammany 6 and 7; East Feliciana 1,4,and 7; and West Feliciana 2-5.
Some of the landscapes which experienced large increases in various forest
fragmentation metrics seemed to correspond visually with landscapes which also
experienced large increases in suburban sprawl. These observations are not however
based on computation or statistics. The next chapter will examine any potential
correlation among forest fragmentation and suburban sprawl metrics.
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CHAPTER IX
FOREST FRAGMENTATION/SUBURBAN SPRAWL CORRELATION
RESULTS
9.1 Forest Fragmentation Suburban Sprawl Correlation
As previously stated, forest fragmentation has been shown to be correlated with
certain population data serving as estimates of suburban sprawl. Because relatively little
is known about these correlations in the Florida Parishes study area, research questions 3
and 4 aimed at examining this relationship. The details of how this relationship was
examined are discussed in the following sections.
9.2 Pearson’s Correlation Analysis
As the data sets created contained a multitude of metrics, some of which being
extraneous, Pearson’s Correlation Analysis will first be utilized to reduce the data set.
Pearson’s Correlation was utilized to identify those forest fragmentation metrics which
exhibit a degree of correlation with suburban sprawl metrics. Table 9.1 shows those
Forest Fragmentation metrics identified as having a significant correlation at the 0.05
significance level emphasized in darker tones.
Pearson’s Correlation Analysis points to the existence of a correlation among the
variables in which the sigma value is less than 0.05 (the chosen significance level) as
determined by the degrees of freedom and the correlation coefficient (r). The correlation
coefficient (r) determines the extent to which two variables are "proportional" to each
other. The sign of the correlation coefficient (i.e. positive/negative) indicates the direction
of the relationship. However it is relatively limited as to information regarding the
strength of that relationship. Those variables shaded in dark gray in Table 9.1, are those
variables which PCA identified as possessing a correlation with the specified population
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metric. Four forest fragmentation metrics were shown to possess a correlation with each
of the population metrics: Patch Density; Edge Density; Euclidean Nearest Neighbor
Distance Mean; and the Clumpiness Index . The Perimeter-Area Fractal Dimension was
also shown to possess a correlation with the population/mile2 metric: Therefore, the
metrics identified by this method were those focused on for further examination using
regression analysis. The regression analysis of each metric is discussed in further detail in
later sections.
Table 9.1.Forest Fragmentation/Suburban Sprawl Metric Pearson’s Correlation Analysis.

Population/sq.mileChange
CHPLAND
Pearson Correlation r 0.169

C HPD

CHAREAMN

CHLPI

CHED

.386(**)

-0.035

0.089

.317(**)

Sig. (2-tailed)

0.136

0

0.761

0.433

0.004

N

79

79

79

79

79

CHCOREMN CHCPLAND CHPAFRAC
Pearson Correlation r -0.017

CHENNAM CHCLUMPY

0.038

.229(*)

-.321(**)

-.327(**)

Sig. (2-tailed)

0.881

0.74

0.043

0.004

0.003

N

79

79

79

79

79

CHAREAMN

CHLPI

CHED

Housing Units/sq.mileChange
CHPLAND

C HPD

Pearson Correlation r 0.143

.419(**)

-0.029

0.066

.316(**)

Sig. (2-tailed)

0.208

0

0.799

0.565

0.005

N

79

79

79

79

79

CHCOREMN CHCPLAND CHPAFRAC

CHENNAM CHCLUMPY

Pearson Correlation ® -0.008

0.029

0.185

-.335(**)

-.327(**)

Sig. (2-tailed)

0.946

0.8

0.103

0.003

0.003

N

79

79

79

79

79

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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9.3 Regression Analyses of Population Data and Fragmentation Metrics
Regression analysis was utilized to examine and visualize the strength and
direction of the relationship between population metrics (change in Population Density
and Housing Unit Density), with the fragmentation metrics identified for future analysis
by the Pearson’s Correlation Analysis. Simple linear bi-variate regression was chosen to
quantify correlations amongst variables. Though multiple linear regression seems like a
potentially better analysis option as it could take into account multiple variables, this
method was not utilized as one the assumptions is independence of variables. This
assumption is violated by the very incestuous nature of many of the forest fragmentation
metrics.
R2 values were used to determine the extent of the correlation between the factors
being observed. The R2 statistic is known as the coefficient of determination. R2
represents the fraction of variability in y that can be explained by the variability in x. In
other words, R2 explains how much of the variability in y can be explained by the relation
to x, i.e., how close the points are to the line. Plots showing the observed correlations
among a multitude of the metrics, the linear equations and R2 values are discussed in
further detail in the following sections.
9.3.1 Population/Mile2 Change / Patch Density Correlation
The bi-variate linear regression plot of Patch Density Change and
Population/mile2 Change showed an overall increasing linear relationship between the
two variables as seen in Figure 9.1. The strength of this correlation however was shown
to be weak. The R2 value of 0.2317 suggests that only 23.17% of the variation in the
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independent variable (fragmentation metric) can be explained by the dependent variable
(population metric).
A concentration of data points may also be observed in Figure 9.1 which are
vertically stacked near the 0, x-axis value. This suggests that landscapes experiencing
little or no change in population/mile2, experienced a great deal of variation in patch
density change. The variation in these data points may be due to other processes
affecting spatial patterns in these landscapes, and may be responsible for the weak
correlation observed.

Figure 9.1.Patch Density Change vs. Population/Mile2 Change Regression Plot.
9.3.2 Housing Units/Mile2 / Patch Density Correlation
The bi-variate linear regression plot of Patch Density Change and Housing
Units/Mile2 Change showed an overall increasing linear relationship between the two
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variables as seen in Figure 9.2. The strength of this correlation however was shown to be
weak. The R2 value of 0.2925 suggests that only 29.25% of the variation in the
independent variable (fragmentation metric) can be explained by the dependent variable
(population metric). This large amount of variation in the relationships can be observed
in Figure 9.2 as individual points vary spatially from the general trend line. The observed
R2 value is considered to be very low.
A concentration of data points may again be observed in Figure 9.2 which are
vertically stacked near the 0, x-axis value. This suggests that landscapes which
experienced little or no change in housing units/mile2, experienced a great deal of
variation in patch density change.

Figure 9.2.Patch Density Change vs. Housing Units/Mile2 Change Regression Plot.
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9.3.3 Population/Mile2 Change / Edge Density Correlation
The bi-variate linear regression plot of Edge Density Change and
Population/Mile2 Change showed an overall increasing linear relationship between the
two variables as seen in Figure 9.3. The strength of this correlation however was shown
to be weak. The R2 value of 0.1769 suggests that only 17.69% of the variation in the
independent variable (fragmentation metric) can be explained by the dependent variable
(population metric). This large amount of variation in the relationships can be observed
in Figure 9.3 as individual points vary spatially from the general trend line. This
variation in the relationships can be observed in Figure 9.3 as individual points vary
spatially from the general trend line. A concentration of data points may also be observed
in Figure 9.3 which are vertically stacked near the 0, x-axis value.

Figure 9.3.Edge Density Change vs. Population/Mile2 Change Regression Plot.
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9.3.4 Housing Units/Mile2 / Edge Density Correlation
The bi-variate linear regression plot of Patch Density Change and Housing
Units/Mile2 Change showed an overall increasing linear relationship between the two
variables as seen in Figure 9.4. The strength of this correlation however was shown to be
weak. The R2 value of 0.1896 suggests that only 18.96% of the variation in the
independent variable (fragmentation metric) can be explained by the dependent variable
(population metric). This large amount of variation in the relationships can be observed
in Figure 9.4 as individual points vary spatially from the general trend line. A
concentration of data points may also be observed in Figure 9.4 which are vertically
stacked near the 0, x-axis value.

Figure 9.4.Edge Density Change vs. Housing Units/Mile2 Change Regression Plot.
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9.3.5 Population/Mile2 Change / Perimeter-Area Fractal Dimension Correlation
The bi-variate linear regression plot of Perimeter-Area Fractal Dimension
(PAFRAC) Change and Population/Mile2 Change showed an overall increasing linear
relationship between the two variables as seen in Figure 9.5. The strength of this
correlation however was shown to be weak. The R2 value of 0.1009 suggests that only
10.09% of the variation in the independent variable (fragmentation metric) can be
explained by the dependent variable (population metric). This large amount of variation
in the relationships can be observed in Figure 9.5 as individual points vary spatially from
the general trend line. The observed R2 value is considered to be very low.
A concentration of data points may also be observed in Figure 9.5 which are
vertically stacked near the 0 x-axis value, may contribute to this weak correlation.

Figure 9.5.PAFRAC Change vs. Population/Mile2 Change Regression Plot.
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9.3.6 Population/Mile2 Change / Clumpiness Index Correlation
The bi-variate linear regression plot of Clumpiness Index Change and
Population/Mile2 Change showed an overall decreasing linear relationship between the
two variables as seen in Figure 9.6. The strength of this correlation however was shown
to be weak. The R2 value of 0.1856 suggests that only 18.56% of the variation in the
independent variable (fragmentation metric) can be explained by the dependent variable
(population metric). This large amount of variation in the relationships can be observed
in Figure 9.6 as individual points vary spatially from the general trend line. The observed
R2 value is considered to be very low. A concentration of data points may also be
observed in Figure 9.6 which are vertically stacked near the 0, x-axis value.

Figure 9.6.Clumpiness Index Change vs. Population/Mile2 Change Regression Plot.
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9.3.7 Housing Units/Mile2 / Clumpiness Index Correlation
The bi-variate linear regression plot of Clumpiness Index Change and Housing
Units/Mile2 Change showed an overall decreasing linear relationship between the two
variables as seen in Figure 9.7. The strength of this correlation however was shown to be
weak. The R2 value of 0.1996 suggests that only 19.96% of the variation in the
independent variable (fragmentation metric) can be explained by the dependent variable
(population metric). This large amount of variation in the relationships can be observed
in Figure 9.7 as individual points vary spatially from the general trend line. The observed
R2 value is considered to be very low. This low R2 value points to the existence of a
great amount of variation in the data sets. Again, note the spatial variance of points from
the general trend line as well as the concentration of data points vertically stacked near
the 0, x-axis value in Figure 9.7.

Figure 9.7.Clumpiness Index Change vs. Housing Units/Mile2 Change Regression Plot.
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9.4 Overall Correlation Results
Although forest fragmentation was shown, in most cases, to increase/decrease
linearly (depending on the specific metric) with increases in population and housing units
in the landscapes of the Florida Parishes, R2 values were low. These low R2 values may
be explained by any combination of multiple factors:
•

While forest fragmentation may be linked to population increases in the area, they
may not be able to solely explain the increases in forest fragmentation observed in
the Florida Parishes during the time period of interest.

•

Other factors such as spatial change in the agricultural landscape, or timber
management practices, should be considered to identify those landscapes in which
these factors are exuding a dominating force on the landscape.

•

Certain landscapes experiencing little or no increase in population metrics should
possibly be excluded as the factor influencing forest fragmentation in these
landscapes is obviously not suburban sprawl.

•

Correlations were run using a relatively small N of landscapes experiencing large
amounts of suburban sprawl. This small sample size may be too small to
accurately quantify any actual correlation.

•

The time period over which data was analyzed may not have been long enough to
accurately observe the relationships between the variable of interest.

•

Another possibility is that the data utilized contained inaccuracies or were
measured improperly.

•

Relationships may be better quantified by utilizing one of many spatial regression
analysis techniques.
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•

A non-linear relationship may also exist between forest fragmentation metrics and
population metrics.

•

Further research may also consider eliminating outliers in the data set however a
preliminary examination utilizing this practice did not prove to be beneficial in
this study.

•

Finally, one must consider the possibility that there are no relationships in the
variables used in this study.

The correlations observed were relatively weak. This may be important in
understanding that suburban sprawl does not solely shape the forested landscapes of the
Florida Parishes. It is important to keep in mind however, that although strong
correlations were not observed, suburban sprawl may still have an important effect on
forest fragmentation in these landscapes. In certain landscapes, sprawl may well be the
dominant process fracturing forest connectivity.

115

CHAPTER X
CONCLUSIONS AND DISCUSSION
10.1 Review of Hypotheses
First and foremost, this research aimed to answer three research questions posed
in Chapter I. Null and alternative hypotheses were assigned for each research question.
A review of these hypotheses is now possible in light of the quantitative analyses
conducted in this research.
10.1.1 Landscape Composition
With consideration to the first objective of this research, determination of the
trends in composition of forest land-cover in the landscapes of the Florida Parishes
between 1991 and 2001, two hypotheses were possible:
Ho: Null hypothesis: The amount of forest land-cover in the landscapes of the Florida
Parishes has not changed significantly during the 1991-2001 period.
Ha: Alternative hypothesis: The amount of forest land-cover in the landscapes of the
Florida Parishes has changed significantly during the 1991-2001 period.
Conclusions
Measures of landscape composition showed an overall decrease of forested area
from an average of 30.7 percent of the landscape to 29.9 percent of the landscape, during
the study period. The t-test of the change in this metric did not however indicate a
significant difference in these means. Therefore, this research failed to support rejection
of the null hypothesis. Though the amount of forest land-cover in the landscapes of the
Florida Parishes was shown to decrease during the 1991-2001 period, this decrease was
not shown to be statistically significant in the study area as a whole. It is important to
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remember however that drastic changes have occurred with regard to the amount of forest
in particular landscapes.
10.1.2 Forest Fragmentation
With consideration to the first objective of this research, determination of the
current trends of forest fragmentation in the Florida Parishes between 1991 and 2001, two
hypotheses were possible:
Ho: Null hypothesis: The fragmentation of forested landscapes in the Florida Parishes
has not changed significantly during the 1991-2001 period.
Ha: Alternative hypothesis: The fragmentation of forested landscapes in the Florida
Parishes has changed significantly during the 1991-2001 period.
Conclusions
Overall, forest habitat became more fragmented during the 1991-2001 time
period, as evidenced by increasing patch density, increasing edge habitat, decreasing core
habitat, increasing shape complexity and decreasing spatial aggregation, in a majority of
the landscapes in the Florida Parishes. The forest fragmentation observed was greater
than that expected due solely to the overall decrease in forest habitat, suggesting that the
alterations taking place in the study area are affecting not only composition but also
spatial arrangement. Therefore, the null hypothesis was rejected and it was concluded that
the fragmentation of forested landscapes in the Florida Parishes has increased
significantly during the 1991-2001 period.
10.1.3 Correlation of Forest Fragmentation with Population Increase
With consideration to the second objective of this research, correlation of forest
fragmentation metrics with population metrics (as determined by U.S. Census Data) in
the Florida Parishes between 1991 and 2001, two hypotheses were possible:
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Ho: Null hypothesis: U.S. Census population data is not highly correlated to metrics
describing trends of forest fragmentation in the forested landscapes of the Florida
Parishes between 1991 and 2001.
Ha: Alternative hypothesis: U.S. Census population data is highly correlated to metrics
describing trends of forest fragmentation in the forested landscapes of the Florida
Parishes between 1991 and 2001.
Conclusions
Although forest fragmentation was shown, in most cases, to increase linearly with
increases in population and housing units in the landscapes of the Florida Parishes, R2
values were consistently poor. These poor R2 values suggest weak correlations among
the variables. Therefore, the null hypothesis was not rejected and it was concluded that
U.S. Census population data is not highly correlated to metrics describing trends of forest
fragmentation in the forested landscapes of the Florida Parishes between 1991 and 2001.
10.2 Overall Conclusions
The fragmentation of forests in the Florida Parishes, which has continued in
recent years, is an issue of great concern as it drastically alters these vital ecosystems.
The changes occurring in the forested landscape are important, yet very little is known
about the processes driving these changes. One thing of note is that these trends could
not have been quantified as accurately, without the use of spatial statistics.
Spatial analysis is a valuable tool in analyzing landscape scale patterns. In this
case, spatial statistics were utilized to identify those forested landscapes in the Florida
Parishes, which became more fragmented during the time period of interest. Spatial
statistics quantified the changes in patch size, core habitat, edge habitat and patch
arrangement during the time period. Changes identified by these metrics alter virtually
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every ecological process associated with forests. It is necessary to understand these
effects to better manage forests and the resources found therein. As previously
mentioned, the values of this research may include a more effective means of studying
land-cover changes and patterns. Also, a greater understanding of the ecological
processes and relationships in forested areas of Louisiana may assist in management
decisions.
This research also demonstrated the applicability of Landsat sensors for studying
various factors and processes associated with forest ecosystems. This research could not
have been conducted without readily available data provided by Landsat sensors. The
spectral and spatial resolutions of this data were shown to be very appropriate for this
type of application. The temporal frequency of this satellite series also provides
researchers with repeatability, which is often important to many environmental research
projects. The Landsat series has opened the doors to new scopes, methods, and
approaches to environmental research.
The most important findings of this research are the consistent results that indicate
that fragmentation has increased substantially in a majority of the landscapes studied
during the time period of interest. All metrics analyzed suggested that forests in the
Florida Parishes have become more fragmented over the study period. Forest patch
metrics show that the number of forest patches has increased however, the size of those
patches has decreased. Forest edge metrics show edge habitat in the study area has
increased. Forest core metrics show that core habitat has decreased in the area over the
study period. Forest shape metrics suggest that the shape of forest patches in the study
area has become more complex over the study period. Patch arrangement metrics show
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that the average distance between patches has decreased in the study area over the time
period of interest.
Spatial analysis is a valuable tool for analyzing changes occurring in a landscape.
In this case, spatial statistics showed the forested land-cover in the Florida Parishes is
reducing, and the forested cover present is becoming more fragmented. Most of the
landscapes of the Florida Parishes contained more patches of forest in 2001, however
these patches were smaller in area, contained less core habitat and more edge habitat,
were more complex in shape, and were more spatially dis-aggregated, than the
corresponding landscapes in 1991. These changes alter virtually every ecological process
associated with forest.
Suburban sprawl often alters landscapes without consideration to spatial
distribution of ecosystems. Demand and land suitability often drive suburban sprawl,
“Ultimately, sprawl must be judged by its consequences” (Ewing et al., 2004). The
interpretation of these consequences is however entirely subject to the factor or resource
being studied. Overall however, suburban sprawl is generally believed to have a negative
environmental effect.
While forest fragmentation was shown to increase somewhat linearly with
increases in population and housing units in the Florida Parishes, R2 values were poor.
This suggests that while these factors are linked to forest fragmentation, they cannot
solely explain the increases in forest fragmentation observed. While forest fragmentation
may be linked to population increases in the area, they may not be able to solely explain
the increases in forest fragmentation observed in the Florida Parishes during the time
period of interest. Further examination is needed to better determine the correlation
between population change data and forest fragmentation metrics.
120

In summary, forest fragmentation may pose a direct threat to the ecology which
sustains the natural landscape of the Florida Parishes and the resources found therein.
“Fragmentation disrupts the natural flow of animals, plants and energy throughout the
landscape, reduces habitat areas below optimal sizes, and can contribute to local species
extinctions and loss of biotic balance in an ecosystem”(Silva, 1992). The problems
associated with forest fragmentation “can be avoided or greatly reduced by forest use
planning which takes into account the principles of landscape ecology” (Silva, 1992).
10.3 Recommendations for Future Research
There is a need for further research involving remotely sensed quantification of
landscape level forest fragmentation, and correlation of these trends with land use
changes such as suburban sprawl. This study provided evidence that fragmentation is
occurring and affecting a wide array of processes in the Florida Parishes. Considering
more factors in a study of this type may however, give a more accurate and interpretable
picture of forest fragmentation in this area.
First and foremost, future research should examine in greater detail the correlation
of population data with forest fragmentation trends. As previously stated, the weak
correlations observed in this study may be due to a low N of landscapes experiencing
large amounts of sprawl. Therefore, future research should focus on broadening the
study area to include more census tracts. It is thought that correlation strength may
increase as the number of areas examined increases.
Further research should also consider improving the methods of statistical
analyses with regard to the correlation of forest fragmentation and suburban sprawl. A
great deal of bias may be present in the data sets due to the nature of the variables. For
example, the Housing Units per Mile2 metric contains no information regarding lot size or
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other factors which may influence forest fragmentation. Normalizing metrics and
otherwise improving the methods of statistical analyses may improve the accuracy of the
correlations calculated.
Secondly, it may be informative and useful to study new time periods. In
attempting to ensure similarity of classification procedure, this study limited itself to
Landsat data acquired in or near census years. This limitation provided only two possible
imagery dates, as Landsat data was not available in 1970 or earlier. If however, a
reasonable amount of confidence could be placed in historical land-cover classifications,
these data sets could be rasterized and utilized to study a broad array of time periods.
These analyses may provide a more accurate picture of what spatial alterations have
shaped the forested ecosystems of the landscapes of interest. Analyzing more time
periods may also provide a more accurate picture of the relationship of population and
forest fragmentation.
Thirdly, the study area could be expanded to include new areas. Examination of
other landscapes/ecoregions for instance would provide information regarding the trends
in forest fragmentation in other forest regions and facilitate comparison amongst
landscapes. These examinations could also provide more information regarding the
relationship of suburban sprawl and forest fragmentation.
A fourth suggestion for future research is to consider 3-dimensional forest
fragmentation. This type of analysis is becoming possible with recent advances in Light
Detection and Ranging Sensors. As raw Lidar sets often contain data points reflected
from the canopies of trees, as well as points which strike the ground, tree height and
forest structure can often be determined. This study ignored the z-dimension to forests
however this is an important factor affecting many of the same principles as horizontal
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fragmentation. A boundary comprised of differences in average stand height can affect
many of the same processes as a land-cover type boundary.
Next, it would be advantageous and informative to consider other activities
affecting land management and development processes. Foremost among the activities
affecting the landscape Florida Parishes (and not considered in this study) may be timber
management practices. Timber management is obviously a factor in the shaping of
forested ecosystems in most landscapes.
Other research should seek to examine the effects of conventional timber
management practices in shaping forests stands and spatial patterns of forested
ecosystems within landscapes. In certain ways, conventional timber management
practices result in forest homogenization. Within forest patches, conventional timber
management practices often result in reduction of species diversity, creating so-called
monocultures. This homogenization continues by reducing the diversity of forest types
and therefore habitat types across the landscape. In both cases, “homogenization reduces
the redundancies common and important in forest ecosystems” (Silva, 1992). Simplified
forests become limited in terms of response to change or stress. Franklin et al. (1989)
summarize the impact of forest simplification:
In general, we have tended to forget that what is good for wood production
is not necessarily good for other organisms or processes in a forest
ecosystem. Fully stocked young forests, the forester's ideal, are the most
simplified stage of forest development in terms of structure and function,
and the most impoverished in terms of biological diversity. Essentially all
of the site resources are co-opted by rapidly growing young trees…
Simplification--genetic, structural, landscape and temporal--reduces
ecosystem resilience, eliminating redundancies that could be important in
saving the ecosystem, and us. Because the ability of an ecosystem to
tolerate or absorb new kinds of stresses or changes is clearly of increasing
consequence, the key to retaining resilience must be in maintaining
ecological complexity or diversity.
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At another level, conventional timber management practices increase
heterogeneity with regard to spatial distribution of forest patches across landscapes.
Spatial heterogeneity implies a loss of connectivity. Forest patches become isolated and
the flow of nutrients, plants and animals through the ecosystem can be interrupted.
Clearcutting large blocks of forest cover, a practice commonly used in conventional
timber practices, limits animal mobility and creates small "island" populations (Harris
1984). This study ignored the effect of timber management practices instead focusing on
the effects of suburban sprawl. Timber management should however be examined as
these practices are thought to play a part in affecting the spatial arrangement of forest in
landscapes.
Finally, considering fragmentation among varying forest types may be an
interesting and useful area of study. Classifying all forested land into one broad
category: “Forest” ignores much of the variation in forested ecosystems. Forests are not
however homogenous. Any forested landscape includes a range of variables including
forest type, species composition, structure and age. These variables directly influence the
biological, recreational, and economic potential and value of the forest.
For example, one hypothesis to suggest may be that the implementation of
legislation mandating Streamside Management Zones (SMZs) may have led to an
increase in forested corridors in certain areas. As these SMZs are by definition moister
habitats, they are usually dominated by bottomland hardwood species. “Because of their
wet and diverse nature, riparian zones frequently survive large natural disasters such as
fire and windstorms. As movement corridors, riparian zones provide migration routes for
large and small animals” (Silva 1992). An examination of bottomland hardwood forest
fragmentation over a time period spanning the introduction of SMZ legislation may
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provide clues to the effect this legislation may be having on forest connectivity. The
values of such research may include a more accurate means of studying land use changes
and spatial patterns. Also, a greater understanding of the ecological processes and
relationships in forested areas may assist in management decisions.
10.4 Discussion
While the importance of forest resources has almost always been plainly evident,
the attitude taken toward management of those resources has changed significantly over
time. These variations in management have led to the starkest geographic alteration of
any landscape on the continent. The fragmentation of forests in the Florida Parishes,
which has continued in recent years, is an issue of great concern as it drastically alters
these vital ecosystems. The changes occurring in the forested landscape are important,
yet very little is known about these changes, the processes driving them, or the effects of
them.
The effects of the trends observed in forest fragmentation must be assessed by
examining the resources and processes they alter. In other words, the effects of
fragmentation are relative. Consequently, the ecological factors and processes in the
Florida Parishes are affected in a multitude of ways.
The decreasing average patch size, and consequently core habit, observed in most
landscapes of the Florida Parishes could have a negative impact on wildlife species which
require large patches of forest containing core habitat. Species such as the Louisiana
Black Bear, which is endangered, often require these types of habitats for locating
suitable dens. Other species, such as the recently rediscovered Ivory-billed woodpecker,
which once thrived in the area surrounding the Pearl River, also required large areas of
forested core habitat. The forest fragmentation which has occurred in the Florida
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Parishes, both during and prior to the study period of interest, may have contributed to
the stress and dangers facing these populations.
Simultaneously, the forest fragmentation observed contributed to increased edge
habitat in a majority of the landscapes of the Florida Parishes. Most consider edge effects
to have negative consequences. This too is relative to the factor being considered
however. While edge effects may have negative consequences on core species such as
those mentioned above, increased edge habitat has been shown to benefit some species
and processes. Species such as the white-tailed deer, common in the Florida Parishes and
important in terms of recreation value, often benefit from the increased cover and browse
found in edge habitats. Hunting success for certain species, including various birds of
prey, has also been shown to increase in edge habitat. It is therefore important to be
careful before branding edge effects as negative or positive in a landscape.
One impact, which is almost universally agreed upon as a negative, is the genetic
isolation which can occur as a result of forest fragmentation. The decreasing spatial
aggregation observed in many landscapes of the Florida Parishes may serve to isolate
entire populations in islands of forested habitat. Species with limited mobility across
non-forest land-cover types, such as various species of squirrels, are most drastically
affected by these changes in spatial aggregation.
Despite the focus of the preceding paragraphs, those paragraphs are not meant to
imply that wildlife populations are the only ecological factors affected by forest
fragmentation. The decrease in overall forest cover, as well as decreasing spatial
arrangement, could contribute to increased runoff of sediment and pollutants. Increasing
edge could contribute to increase susceptibility of forest patches to invasion of invasive
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species, disease and windthrow. These effects could pose a direct threat to the continued
productivity and health of forested ecosystems in the Florida Parishes.
One thing is certain; the interconnectivity of environmental issues requires an
increase in the scope and scale at which we study these issues. Responsible and
sustainable forest use necessitates the recognition and implementation of principles of
landscape ecology. The broad scope of landscape ecology provides an outlook impossible
to achieve through other, more narrowly defined disciplines. “Indeed, landscape ecology
may be the holistic discipline which is required to save the planetary ecosystem (Forman,
1987; Bormann, 1987; Naveh and Lieberman, 1984) ” (Silva 1992). As Naveh and
Lieberman (1984) explain:
“We no longer have to divide reality into watertight compartments or mere
superimposed stages corresponding to the apparent boundaries of our
scientific disciplines. On the contrary, we are compelled to look for
interactions and common mechanisms.... Landscape ecology can serve as
an urgently needed counterbalance to... presenting man as detached from
nature and as the almighty manipulator of life who knows more and more
about that part of nature which can be taken apart, isolated, and analyzed,
but less and less about real nature and its life-supporting systems in action.
[Landscape ecology] can fulfill the much-needed function of an antidote to
the hubris created by the illusion of scientific and technological supremacy
of man and its disastrous results”.
These authors believe the basic principles of landscape ecology should be applied
to forest management. “We believe that landscape ecology should guide human use of
forests before damage to forest ecology becomes even more significant and potentially
irreversible”(Silva, 1992). Landscape heterogeneity is a consideration previously ignored
in most management plans, however in the wake of so much research suggesting the
drastic effects of spatial distribution of land-cover types, spatial arrangement should
become an issue of the utmost concern in any management plan. Management plans must
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design activities to minimize adverse effects of human activity and use at the landscape
level.
The well being of the majority of the forests in this nation and all nations depends
not on preservation but on conservation. While the management, perceptions, and
utilization of forest resources has changed substantially, the goal has almost always been
finding a means of continually utilizing the valuable resource found in forests. At any
rate, a struggle must continually be waged, utilizing all the available research, technology
and philosophies to achieve the goal of sustainable forest management.
“Human use of forests must ensure that the functional framework of the
natural landscape ecology remains intact. This means that forest use
plans…must maintain the natural connections between and the distribution
of resource patches within a landscape. The full natural range of habitat
types must be present in sufficient quantities and as part of the connected
network. These requirements are necessary to protect the wildlife
population in any area, to maintain long-term timber productivity at the
stand level, and, most importantly, to maintain the ecological health of the
whole forest” (Silva 1992).
Humans are the stewards of the environment. In many ways, its productivity or
stagnation, its continuance or destruction is directly dependent upon the manner in which
we view and manage that environment. We can no longer view ourselves as master’s of
an environment to be dominated, nor can we make the assumption that the environment is
capable of recovering from our actions. We must rather become careful developers of
intelligent and deliberate plans by which we responsibly utilize forest resources.
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APPENDIX 1.
SUBURBAN SPRAWL/FOREST FRAGMENTATION METRIC CHANGE
Name
Asc1
Asc2
Asc3
Asc4
Asc5
Asc6
EBR1
EBR10
EBR14
EBR15
EBR18
EBR19
EBR2
EBR20
EBR3
EBR5
EBR6
EBR9
EF1
EF2
EF3
EF4
EF5
EF6
EF7
EF8
EF9
Ib1
Liv1
Liv2
Liv3
Liv4
Liv5
Liv6
Liv7
Liv8
Liv9

POP/SM
Change
26.72
324.31
105.20
89.58
35.29
84.53
39.18
54.84
98.03
321.50
228.28
254.83
18.87
175.98
3.75
16.77
18.74
70.96
-1.56
2.00
3.79
6.20
2.06
8.11
11.99
5.02
-0.31
41.01
119.69
10.49
22.39
150.58
114.91
61.55
15.40
7.17
16.49

HU/SM PLAND PD AREA MN
Change Change Change Change
11.23
-1.87
1.86
-7.96
126.35 -1.72
6.87
-2.60
46.48
-3.87
4.46
-11.32
38.71
1.48
8.56
-2.30
20.37
-3.25
2.82
-16.48
35.04
-2.40
2.75
-17.74
18.56
3.11
0.38
0.32
27.40
0.18
3.48
-8.07
46.42
1.42
8.35
-4.36
169.39 2.65
9.08
-8.07
99.11
-0.73
4.87
-5.09
118.86 0.86
2.29
-1.93
9.01
1.52
2.00
-0.78
42.59
0.77
2.01
-5.84
3.37
-4.49
2.11
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22.80
6.22
3.49
-0.46
19.11
-0.83
3.60
-3.87
15.77
2.19
7.34
-7.58
0.43
3.41
-0.03
1.00
2.03
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-8.07
3.58
-2.05
1.21
-5.27
2.97
1.18
0.81
-0.99
5.00
0.06
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4.79
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0.53
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4.57
3.51
-0.28
1.14
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-1.59
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-2.86
1.27
-0.23
0.46
-4.51
4.16
-4.28
2.63
-13.85
44.50 -10.65 3.85
-9.98
4.65
-9.05
1.34
-22.72
9.23
-1.93
1.16
-3.99
73.72
0.79
5.71
-5.94
50.67
-2.00
3.35
-9.80
27.81
-1.78
1.52
-8.67
7.74
-7.69
2.40
-34.53
5.85
-3.89
1.08
-14.37
4.92
-3.16
1.27
-25.41

LPI
ED CPLAND CORE MN PAFRAC ENN MN CLUMPY
Chang Change Change Change Change Change Change
-0.38 6.54
-2.92
-4.30
0.03
7.39
-0.07
-0.06 12.03
-0.83
-0.33
0.03
8.01
-0.11
-10.18 21.31
-7.29
-5.84
0.07
5.45
-0.10
0.26 23.70
-0.45
-0.25
0.04
3.49
-0.11
-0.14 13.73
-5.47
-7.54
0.05
6.61
-0.06
-2.50 18.31
-6.52
-10.29
0.14
-8.61
-0.10
-0.57 0.03
1.74
0.27
-0.06
5.21
0.04
-3.30 20.79
-4.61
-3.97
0.03
3.85
-0.08
-1.47 24.12
-0.68
-0.93
0.04
-3.87
-0.12
-3.54 30.95
-1.39
-2.36
0.04
-8.34
-0.13
-1.76 11.77
-1.21
-1.37
0.02
6.11
-0.07
-1.98 4.41
0.96
-0.25
-0.01
15.70
-0.02
-0.36 -3.11
1.79
0.19
-0.06
1.11
0.03
-5.69 12.58
-3.22
-4.09
0.03
-1.99
-0.06
-2.88 3.40
-3.82
-3.00
0.00
1.30
-0.03
-0.16 8.89
2.77
0.21
-0.05
-2.46
0.03
-1.24 11.30
-2.01
-1.22
0.01
1.32
-0.06
-4.59 25.58
-1.43
-2.44
0.06
-10.56
-0.10
5.81 -13.76
7.87
2.15
-0.06
1.52
0.05
1.24
3.21
-2.62
-3.79
0.00
-0.39
-0.01
-3.46 3.94
-3.28
-2.63
0.01
-1.60
-0.01
-1.49 -1.64
2.11
0.32
-0.03
2.78
0.02
3.12
0.98
1.37
-0.29
0.00
-4.59
0.00
-14.00 0.40
-1.64
-2.08
0.00
4.84
-0.01
0.03
0.65
1.60
0.43
-0.06
1.84
0.05
-1.89 2.66
-1.31
-0.90
-0.02
2.97
-0.02
-15.72 -5.63
1.55
-1.11
-0.03
6.31
0.02
-0.91 13.36
-5.43
-7.27
0.13
7.37
-0.12
-20.96 2.58
-6.38
-3.93
-0.02
5.94
-0.04
-6.48 8.75
-9.12
-13.17
-0.01
3.17
-0.03
-5.44 -4.21
2.62
-0.43
-0.02
1.69
0.01
-2.63 28.64
-2.78
-2.18
0.05
-3.94
-0.11
-0.12 14.11
-3.02
-3.92
0.02
0.84
-0.05
0.26
8.00
-3.02
-4.50
0.04
2.12
-0.03
-13.96 23.17 -11.53
-20.37
0.07
-0.68
-0.09
-3.39 12.82
-7.90
-9.86
0.02
3.67
-0.04
-6.55 9.96
-4.64
-13.38
0.11
-4.81
-0.06
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SUBURBAN SPRAWL/FOREST FRAGMENTATION METRIC CHANGE
Name
StH1
StH2
StH3
StH4
StH5
StH6
StH7
StH8
StH9
StT1
StT10
StT11
StT2
StT3
StT4
StT5
StT6
StT7
StT8
StT9
Tan1
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Tan6
Tan7
Tan8
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Was1
Was2
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WF1
WF2
WF3
WF4
WF5

POP/SM
Change
1.535
-0.784
-1.242
-0.753
4.945
2.282
3.927
1.808
4.852
25.423
168.884
63.167
17.695
6.879
44.926
171.572
43.216
31.961
464.158
34.602
-1.602
8.386
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8.747
-35.902
17.219
115.041
30.706
27.470
1.179
-5.193
5.498
3.814
1.079
4.483
-64.352
1.899
-27.602
3.084
21.274
6.964
17.052

HU/SM PLAND PD AREA MN
Change Change Change Change
4.136
-5.036 0.731
-8.221
0.889
-8.420 1.507
-5.469
2.090
1.023 -0.222
1.433
4.572
6.677 2.060
-7.519
3.179
3.404 1.301
-9.276
3.875
-8.724 2.849
-5.967
3.460
-1.309 0.331
-3.305
2.916
-2.239 -0.012 -0.755
3.004
1.544 0.215
-0.047
7.712
-0.944 1.597
-6.027
14.987 6.614 2.522
-5.135
26.237 4.827 3.033 -19.331
6.050
1.835 1.088
-3.187
2.334
3.653 -0.134
7.876
16.151 5.974 0.299
0.321
65.104 5.732 0.374
-1.283
16.670 9.869 -0.814 13.641
10.426 7.993 -0.837 26.965
167.212 4.694 2.620 -15.981
14.640 1.553 0.554
-9.585
1.584
-9.380 3.342
-7.182
3.323
-6.909 2.825
-4.220
5.966 -18.049 2.775
-6.848
4.487
-0.495 0.720
-1.650
-10.547 -7.299 2.698
-6.179
6.817
-3.255 1.380
-5.027
52.093 -2.972 6.426
-6.391
14.520 2.545 2.112
-7.161
13.479 -2.520 2.582 -18.913
1.692
-8.158 3.361
-8.988
2.964
-4.924 2.565 -10.374
3.421
-3.933 2.010
-5.443
2.667
-4.372 1.595 -16.033
1.792
-4.515 1.545 -12.849
3.070
-1.593 0.994
-5.005
-14.529 7.884 4.131
-8.158
8.576
-0.385 1.460
-5.095
2.096
-0.689 0.712
-4.033
1.181
1.650 -0.152
1.022
8.748
1.720 -0.124
0.918
0.829
5.343 -0.389
2.100
10.068 1.428 -0.111
0.862

LPI
Chang
-7.630
-13.795
0.745
-4.752
1.237
-3.366
-5.144
-8.114
0.185
-5.479
3.709
-7.358
0.669
8.232
13.009
0.615
10.990
6.435
7.637
-0.615
-3.178
-1.659
-8.060
1.459
-2.539
-0.255
-1.034
0.529
-5.504
-5.268
-11.379
-2.101
-1.867
-5.103
-0.403
0.917
-7.110
8.152
-4.230
2.942
1.450
0.624
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ED CPLAND CORE MN PAFRAC ENN MN CLUMPY
Change Change Change Change Change Change
7.038
-5.705
-4.975
-0.004
-0.963
-0.020
3.019
-7.606
-3.119
-0.019
4.347
-0.017
0.764
-0.032
0.408
-0.004
-0.344
-0.001
20.581 -0.585
-3.510
-0.038
0.996
-0.051
6.041
1.665
-3.068
-0.004
4.219
-0.011
9.296
-8.752
-3.194
0.029
7.079
-0.059
-3.618
0.205
-1.019
-0.062
5.739
0.010
-5.022
-0.865
-0.291
-0.043
5.151
0.013
-5.155
2.842
0.463
-0.024
6.240
0.019
7.859
-2.643
-2.627
0.001
-1.225
-0.027
16.539
2.156
-1.090
0.055
-7.125
-0.031
18.417
0.600
-10.129
0.145
-14.782 -0.063
9.302
-0.883
-1.600
-0.005
-9.078
-0.026
-0.182
3.365
5.722
0.019
-6.828
0.017
9.688
2.116
0.104
0.034
-1.931
-0.020
10.803
0.902
-1.122
0.058
-1.047
-0.022
-6.545
9.353
8.627
0.007
-6.931
0.035
-14.757 11.023
19.346
-0.045
-3.014
0.067
32.523 -3.972
-8.523
0.106
-9.274
-0.104
10.971 -0.333
-3.822
0.048
-2.640
-0.034
10.126 -8.246
-3.465
0.030
5.897
-0.065
4.970
-5.679
-1.970
0.016
-0.111
-0.055
-11.354 -5.469
-1.893
0.038
3.259
0.022
1.475
-0.591
-0.599
-0.002
4.014
-0.008
6.871
-4.742
-2.092
0.009
3.238
-0.048
7.046
-3.545
-2.486
0.020
1.396
-0.036
25.917 -2.938
-1.393
0.062
3.775
-0.105
17.378 -0.868
-2.755
0.055
2.424
-0.056
27.504 -8.251
-9.874
0.089
0.876
-0.085
11.159 -6.900
-3.726
0.030
-0.971
-0.074
12.522 -5.742
-4.355
0.031
0.092
-0.060
5.056
-2.983
-2.102
0.010
1.242
-0.037
11.864 -6.430
-8.649
0.011
-1.365
-0.037
5.588
-3.654
-6.019
0.025
-0.420
-0.030
6.167
-2.061
-2.470
0.022
1.243
-0.021
39.390 -1.863
-3.222
0.109
2.142
-0.114
9.351
-1.749
-1.894
0.025
2.439
-0.032
3.856
0.710
-0.188
-0.013
-1.946
-0.014
-10.851 4.154
1.353
-0.041
0.717
0.040
-0.515
1.097
0.428
-0.039
-0.132
0.022
0.392
2.777
0.849
-0.026
-2.261
0.046
-4.029
1.131
0.478
-0.038
2.276
0.040
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SUBURBAN SPRAWL/FOREST FRAGMENTATION METRIC CHANGE RANK

Name
Asc1
Asc2
Asc3
Asc4
Asc5
Asc6
EBR1
EBR10
EBR14
EBR15
EBR18
EBR19
EBR2
EBR20
EBR3
EBR5
EBR6
EBR9
EF1
EF2
EF3
EF4
EF5
EF6
EF7
EF8
EF9
Ib1
Liv1
Liv2
Liv3
Liv4
Liv5
Liv6
Liv7
Liv8
Liv9

Pop/SM HU/Sm Overall PLAND PD AREAMN LPI
ED CPLAND COREMN PAFRAC CLUMPY Overall
Change Change SS Change Change Change Change Change Change Change Change Change FF
Rank Rank Ranking Rank Rank Rank Rank Rank Rank Rank
Rank Rank Ranking
30
30
30
40
26
49
44
32
17
25
16
31
30
2
3
33
5
57
55
24
48
58
27
7
3
37
13
10
19
9
13
7
11
8
13
9
10
12
2
15
14
54
2
59
59
9
52
62
21
6
14
40
25
20
21
21
7
53
19
16
10
17
24
21
9
16
15
25
23
6
34
15
10
4
2
12
15
4
24
22
64
64
69
47
64
66
67
77
73
24
69
20
17
46
14
23
29
12
21
19
26
15
19
12
14
11
52
3
49
42
8
49
54
18
3
13
29
3
1
63
1
24
25
3
42
38
19
1
2
17
5
5
40
8
44
39
26
44
48
38
18
5
36
4
4
49
31
60
36
50
59
61
58
50
4
54
34
34
55
37
64
50
68
67
65
79
71
33
67
6
13
47
36
38
15
22
27
18
24
22
8
26
60
57
14
33
31
31
53
23
31
47
41
61
35
39
19
74
13
66
52
37
72
66
74
70
28
64
35
21
39
12
53
43
27
37
49
44
26
26
41
17
25
61
4
27
23
7
41
37
11
11
20
21
74
77
66
70
72
73
78
77
76
75
78
77
78
64
69
36
52
25
67
54
35
23
54
56
67
50
59
54
27
51
41
26
51
26
33
46
53
55
47
50
62
51
57
63
41
67
68
68
66
64
53
66
63
43
45
39
58
71
59
62
59
50
59
51
62
46
45
32
62
48
3
62
40
42
53
58
45
49
42
48
67
76
74
56
61
64
71
76
77
44
75
53
50
35
38
56
37
56
43
55
62
51
49
52
70
73
44
63
47
2
74
63
51
67
66
73
58
23
51
16
25
11
45
20
18
11
3
2
37
5
10
12
2
11
15
1
57
12
20
63
36
11
18
43
46
4
48
3
14
38
2
3
57
38
42
13
32
33
29
53
52
18
71
71
57
60
62
32
57
9
6
48
7
37
32
4
33
39
15
5
7
19
12
9
28
16
16
54
18
29
21
37
29
10
24
19
16
31
44
20
58
39
28
15
22
43
17
34
41
37
8
30
1
4
10
1
1
8
13
40
1
47
42
18
55
10
27
21
6
7
34
32
42
15
40
44
22
50
2
13
32
20
2
5
21
41
7
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Name
StH1
StH2
StH3
StH4
StH5
StH6
StH7
StH8
StH9
StT1
StT10
StT11
StT2
StT3
StT4
StT5
StT6
StT7
StT8
StT9
Tan1
Tan2
Tan3
Tan4
Tan5
Tan6
Tan7
Tan8
Tan9
Was1
Was2
Was3
Was4
Was5
Was6
Was7
Was8
WF1
WF2
WF3
WF4
WF5

Pop/SM HU/Sm Overall PLAND PD AREAMN LPI
ED CPLAND COREMN PAFRAC CLUMPY Overall
Change Change SS Change Change Change Change Change Change Change Change Change FF
Rank Rank Ranking Rank Rank Rank Rank Rank Rank Rank
Rank Rank Ranking
67
72
73
71
54
62
57
66
55
31
8
18
36
49
21
7
22
27
1
26
75
45
51
44
78
37
11
28
29
68
76
52
58
69
56
79
65
77
61
33
48
38

52
75
68
47
59
53
55
64
61
38
26
18
40
66
24
7
23
31
2
27
72
58
41
49
78
39
8
28
29
71
63
56
65
70
60
79
36
67
74
35
76
32

63
75
72
62
55
57
53
66
59
35
16
18
38
57
21
6
21
28
1
25
75
49
46
47
78
38
8
26
28
69
69
52
64
69
59
79
48
74
68
33
65
36

11
6
50
76
65
5
37
26
56
38
75
70
60
68
73
72
79
78
69
57
3
10
1
42
9
20
23
62
24
7
12
17
15
13
34
77
43
41
58
59
71
53

58
45
75
34
49
19
66
69
68
41
29
18
54
73
67
65
78
79
26
61
17
20
22
59
24
47
6
32
27
15
28
35
42
43
56
10
46
60
74
72
77
71

21
39
75
28
18
36
54
65
67
35
42
4
55
77
68
62
78
79
9
17
29
50
32
61
34
45
33
30
5
19
14
40
8
12
46
22
43
51
73
71
76
70

10
5
64
22
66
28
20
8
57
17
72
11
63
77
79
61
78
74
75
46
30
40
9
69
33
51
44
60
16
19
6
35
38
21
48
65
12
76
24
70
68
62
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42
55
60
13
46
36
69
72
73
40
17
14
35
65
33
30
75
79
2
29
31
49
77
58
43
41
6
16
5
28
23
48
25
47
45
1
34
52
76
66
63
70

14
7
54
51
65
3
55
47
74
34
70
56
45
75
69
58
78
79
22
53
5
15
17
50
19
25
31
46
4
9
13
30
11
24
36
38
39
57
76
60
73
61

14
29
69
25
30
28
53
60
72
34
52
5
46
77
64
50
78
79
9
22
26
43
45
56
41
35
47
32
6
24
16
40
8
12
36
27
44
63
75
70
74
73

52
61
55
69
51
31
78
72
64
48
14
1
56
39
23
12
45
73
6
16
30
40
20
49
43
36
10
13
7
29
28
42
41
33
35
4
32
59
71
70
65
68

49
52
60
30
55
25
61
63
67
44
40
20
45
65
48
46
72
79
9
37
19
28
68
57
31
35
8
27
14
17
23
34
33
42
47
4
39
54
75
68
76
74

27
33
68
46
53
16
60
59
70
42
51
11
56
74
64
55
77
79
22
45
10
32
31
61
28
44
14
38
3
7
6
39
20
23
48
24
43
63
71
73
76
71
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